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Sole Concessionaires - 


GREAVES COTTON & CO. LTD. 


Bombay - Calcutta - Ahmedabad - Bangalore - Coimbatore - Kanpur - Madras -New Delhi 
Ralli House, 16 Hare Street, Post Box 702, Calcutta |. 


Telegrams: “GREAVES” - Telephones: 23-2236. 23-2693, 23-3063 
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SIEMENS 
LONG DISTANCE COMMUNICATION SYSTEM 





SIEMENS 
Now introducing in India long-distan- 
ce Coaxial Cable Carrier Telephone 
System. 

Their manufacturing programme covers harmoniously built up series of 
Carrier Frequency Telephone Systems for open wire lines (3 and 12 
speech circuits), Symmetrical Cable (12, 60 and 120 speech circuits) _ 
and Coaxial Cable (960 speech circuits) 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 
BERLIN - MUNCHEN 


SOLE REPRESENTATIVES 
SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 


BOMBAY CALCUTTA NEW DELHI MADRAS BANGALORE 
G.P.O, Box No. 490 G.P.O. Box No. 715 P.O. Box 543 36, Mount Road 9, St. Mark’s Road 
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“* ELECTRONIC, 
ELECTRICAL AND 
MECHANICAL 
EQUIPMENT 


= 





AND COMMUNICATION: 

; Telephone, telegraph and 
““gadio equipment as supplied to 
the Aff india Radio, Civil Aviation, 
Posts and Telegraphs Department, 
Overseas Communications, 

Police Department, Railways, ete. 





COMPLETE PLANT AND 
APPARATUS: 

for cement, refractory, 

paper, cardboard, 

synthetic fibre, fertilizer, 

and chemical industries 





RADIO BROADCASTING ~ 


ELECTRONIC: 

All kinds of electronic 
equipment and 
instruments, Including 
atomic, for 

industry and research 





ELECTRICAL, INDUSTRIAL EQUIPMENT: 
A full-range of electrical 
plants and ancillary 
equipment—transformers, 
alternators, motors, 
batteries, rectifiers, 
switchgear, cables, test 
and measuring instruments 
for industry and research 





MECHANICAL: 
Pumps, diesel engines, 
water treatment plants, 
turbines, conveyors & 
mechanical 

handling equipment, 
railway rolling stock, etc. 
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PUBLIC ADDRESS 
SYSTEMS & 
LOUDSPEAKERS 
“Voice 

of the Nation” 





MOTWANE PRIVATE LIMITED 


Incorporating : 
EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED 
and 
CHICAGO TELEPHONE & RADIO COMPANY PRIVATE LIMITED 
1909 FIFTY YEARS SERVICE 1959 
Electrical, Mechanical & Electronic Engineers and Contractors 


127 Mahatma Gandhi Road, Post Box No. 1312, Bombay-!. Phone: 252337 (3 lines) Grams: ‘CHIPHONE ' all officer 
Branches ot: Calcutta, Lucknow, New Delhi, Madras, Bangalore and Secunderabad 
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TIMKEN<US.A. 


TRADE-MARK ORIGINATED, OWNED, REGISTERED 











BY THE TIMKEN ROLLER BEARING COMPANY 


TAPERED ROLLER BEARINGS 





Roll necks are mounted on 
Timken tapered roller bearings 
as in this typical application. 


on en 086 HE: 


New higher capacity Timken Bearings 






average 75% more tonnage 


O cut costs per ton of steel rolled, a 
large American steel maker installed 

a new design of Timken made-in-U.S.A. 
tapered roller bearings on the work rolls 
of the continuous hot strip mill above. 
Because of increased radial and thrust 
capacity, these new bearings averaged 
75% more tonnage in the fixed position. 
More than 650 mills in the United 
States use Timken bearings because: 
1) They eliminate extra thrust devices. The 
taper lets Timken bearings take both 
radial and thrust loads in any combina- 
tion; 2) They cut lubricant cost. Grease- 


lubricated Timken bearings eliminate 
complicated lubricating systems—no 
large amounts of oil, no tubes, piping, 
reservoirs; 3) They assure longer bearing 
life. We make Timken bearings from 
our own fine alloy steel. And we case- 
carburize rollers and races to give hard, 
wear-resistant surfaces and tough, shock- 
resistant cores. 

Insist on Timken made-in-U.S.:A. 
tapered roller bearings. World-Wide 
Availability. The Timken Roller Bearing 
Company, Canton, Ohio, U.S.A. 
Cable: ‘““TIMROSCO”. 





THE WORLD'S OLDEST AND 
LARGEST MAKER OF 


TAPERED ROLLER BEARINGS 


NOT JUST A BALL © NOT JUST A ROLLERCLOTHE TIMKEN TAPERED ROLLER C> BEARING TAKES raviat @ ANo THRUST—Q)—LOADS OR ANY COMBINATION HK 


Authorized industrial and railway distributor 
Voltas Limited Bombay « Calcutta * Madras * New Delhi * Bangalore * Cochin. 
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The world over, telephone exchanges 
are using Pg batteries. 

Inset: An installation of ‘Standard’ 
SPg Stationary Batteries 


TECHNICALLY the finest storage batteries today, 
‘Standard’ SPg Batteries incorporate two exclu- 
sive features: the Pg Tubular Positive Plate, and 
the ‘MITEX’ Microporous Rubber Separator with 
spun glass-wool mat reinforcement. 


These two great battery developments consider- 
ably increase power capacity, offer far longer life 
and eventually lower battery costs per annum, 
compared to conventional batteries. Always 
specify ‘Standard’ SPg Batteries. 


‘ 


Standard — Paneer of Popute 


STB. 7169 


For assured power supply... 
For uninterrupted service... 


choose Standard SP, siinitai 


‘Standard’ SPg Stationary Batteries for 
telephones, telegraphs and carrier systems, power- 
houses and receiving stations, switchgear control, 
ships, fishing boats, lightships, emergency lighting 
for hospitals, lighthouses and laboratories, ensure 

if complete reliability where 

I wvery high rates of discharge 
hare required. Specially suit- 
able for use on float systems. 








Standard Batteries Lid., Bombay 25 
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All over the world Euclid earth- 
moving equipment is in constant 
use. Picked for their ability to 
handle capacity loads in the 
roughest terrain and absorb shock 
loads from big shovels, Euclid Rear- 
Dumps have proved that they can 





Ra Yh ee a Lh tel 





keep on going when the going gets 
tough. The flared sides facilitate 
loading and reduce spillage. High 
dumping angle gives clean and 
quick dumping. 

Euclid Rear-Dumps are available 
in a versatile range from 10 ton 
capacity to the giant 50 tonner. 


Assisting the Second Five-year Plan 


MACKWOOD HODGE (INDIA) PRIVATE LTO. 


Associated Companies Branches Works and Agencies throughout the World. 
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i FERRANTI LTD. 


HOLLINWOOD, LANCASHIRE, ENGLAND. 
Indian Distributors : 
BRITISH INSULATED CALLENDER’S CABLES LIMITED, 
Esplanade House, Waudby Road, Fort, Bombay-!. Post Box II! 
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National Projects promise New India of pro- 
sperity. Throbbing with energy, famous 
KIRLOSKAR DIESEL ENGINES power these 
Yprojects, speeding construction of dam and 
powerhouse, road and bridge......With scores 
of applications in agriculture and industry, 
easy to maintain, reliable in service, economical 
to operate, Kirloskar Engines are the power 
il acct units for resurgent India. 











AGRICULTURAL 
INDUSTRIAL and MARINE 


DIESEL ENGINES 











4OEL/E -12/58 ’ ~ TOM & BAY 
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Do you know that 


- Firestone 
EARTHMOVER TYRES 


are now all made with 


Mylow cords? 


x Stronger x Tougher * Impact Resistant 
















Firestone proudly announce that all sizes of the 
Firestone Earthmover tyre and the Firestone Rock 
Grip Excavator tyre are now being manufactured 
exclusively with Nylan cords, * 
*Nylon cords have greater tensile strength than any 
other type of fabric used for cords in tyres. Nylon 
cords are particularly effective in preventing diagonal 
and X - breaks caused by imipacts. They are highly 
resistant to water and do not deteriorate when 
exposed to moisture through cuts or snags in the 
tyre body. Only nylon cords have such high resistance 





to fatigue from heat. 


Because of these characteristics, Nylon cords in 
your Firestone Earthmover and Firestone Rock 
Grip Excavator tyres will (1) Reduce danger of 
blowouts, (2) Reduce failures from heat, (3) Reduce 
bruise damage, (4) Reduce failures from cuts, and 
(5) Maintain strength for retreading. 


13.00-24 8 & 12 Ply Rating R B. 
18.00-24 16, 20 & 24 Ply Rating 
18.00-25 12, 16, 20 & 24 Ply Rating 
21.00-24 16, 20 & 24 Ply Rating 
21.00-25 16, 20 & 24 Ply Rating 





Firestone 
ROCK GRIP 
EXCAVATOR 


also’ now 
with Veylou. Cords 


12.00-24 ~ 16 Ply Rating 
13.00-24 . 18 Ply Rating 
14.00-24 > 20 Ply Rating 


Firestone 


Pioneers of the Earthmover Tyre in India 
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REYROLLE SWITCHGEAR 








a 














\ 
rt -.* ® 
iN\ei\. eee 


nT Y 1) ee lam 
‘a0 2) a © 


\ ‘4k 
a: | 





a 


lan’ 


vou / + Aw. 7k AL 


, ae — 


| 





SNE ALN 


Ne es E Zz -} 
; iN 2" 


REYROLLE TYPE “ORT2” 33000 VOLT SWITCHGEAR AT MAITHON SUB/STN. 
AS SUPPLIED TO D. V. C. & OTHER USERS IN INDIA, IN LARGE QUANTITIES 


BURN & CO., LTD. 
LT D. 


CALCUTTA 


BOMBAY 
BOMBAY CO. 


(PTE.) 


MADRAS & SOUTHERN INDIA 














INDIAN JOURNAL OF 
POWER AND RIVER VALLEY DEVELOPMENT 


A MONTHLY DEVOTED TO DEVELOPMENT OF POWER & WATER RESOURCES IN ASIA 





Editor : K. K. Sinha P. K. Menon : Mg. Editor 
VOL. IX APRIL 1959 NO. 4 
CONTENTS 
EXTRA HIGH VOLTAGE POWER TRANSMISSION .. .. Dr. BE. Bu Prasad --1 
NUCLEAR POWER IN U. K. re me Dr. T. E. Allibone 5 
LARGE POWER TRANSFORMERS a vee. E. T. Norris 9 


CZECHOSLOVAK LOW-SPEED 
DIESEL ENGINES IN CONTINUOUS SERVICE .. js Zdenek Potucek 15 


M. H. SLOCUM: 


WORLD’S BEST DAM MAN ss oa Vishnu Dutt 21 
TECHNICAL NOTES & NEWS Ms i 27 
THE MINISTRY’S REPORT aig es Editorial 33 
BOOK REVIEWS ss ng 35 


In the Comming Issue : 


Power Planning for Optimum Utilisation of Indian Rivers by Prof. N. 8. Govinda Rao ; 
Nuclear Power and the Engineer by Sir Christopher Hinton ; Irrigation in Madras State by 
U. Ananda Rao ; Chapelcross: Britain’s Second Nuclear Power Station; Water 
Conservancy in China by S. Seshadri. 





Editorial and Managerial Offices 
6/2, MADAN STREET, CALCUTTA-13. PHONES : 23-1765 & 23-5855. GRAMS: TEKJOURN 
Manager : B. Bhattacharya 


Bombay Office German Representatives London Representatives 
41, Hamam Street Linder Presse Union G. M. B. H. Walter Judd Ltd. 
Bombay | Frankfurt/Main, Wittelsbacher Allee 60 47, Gresham Street 
Phone : 252119 W. Germany. London E.C. 2 


Annual Subscription ; Rs. 20, £2 or $6.00. Single copy : monthly issue Rs. 2 
Back issue at double rates 











INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELUPMENT—APRIL 1959 


ENGLISH ELECTRIC 


Leads the field in EVERY phase 


of Power Generation 




















HYDRO. One of two 37.5 MW Water Turbine Generating 
Sets installed at Hirakud Power Station, Orissa. In the past 
10 years the Company has supplied the entire plant for four major 
hydro-electric stations in India—Radhanagari, Nizamsagar, Sarda 
and Sengulam, and is manufacturing five—SO MW Water 
Turbine Generating Sets for the Rihand Power Station, U. P. 





‘English Electric’ high rupturing capacity switch 
and fuse distribution equipment is now being 
manufactured in our works at Madras. 








NUCLEAR. The first 500 MW Atomic Power Station (the world’s largest 
Nuclear station) is under construction at Hinkley Point, U.K., by the 
‘ENGLISH ELECTRIC’—Babcock & Wilcox—Taylor Woodrow Consortium. 
The English Electric Company is supplying six main 93.5 MW _ Turbo-Alter- 
nator Sets, three 33 MW Variable Speed Turbo-Alternator Sets and a fifteen- 
circuit 275 kV duplicate Busbar Switching Station. The Reactors to be used at 
this Power Station will be of ‘ENGLISH ELECTRIC’ design. 








STEAM. One of five 200 MW Steam Turbo-Alternators which 
“the Company is supplying for the High Marnham Power Station, 
U. K. Early this year the Company received an order for two 
275 MW Steam Turbo-Alternators for the New Blyth Power 
Station, U. K., and the sets are the two largest in-line turbo- 
alternators of their kind (50 cycles) in the world. 





DIESEL. Three ‘English Electric’ Diesel Alternator Sets 
installed at Saateni Power Station, Zanzibar. The total output of 
the engines is 3,936 B.H.P. at 375 r.p.m. and the Station supplies 
the Island with a large part of its electricity. 








THe ENGLISH ELECTRIC Company Limitep 


(Incorporated in England. 


Liability of Members Limited) 
New Delhi Calcutta Bombay Madras Lucknow 


EE Manufacturers of the famous ‘ENGLISH ELECTRIC’ CANBERRA Jet Bombers a | 


| EEC-49B 























Extra High Voltage Power Transmission 





The installation of long high tension trensmisson 
lines has become necessary for supplying large blocks 
of power to load centres from remote hydro-electric 
and thermal power stations. The physical constants 
of these lines assume values which render their electri- 
cal operation difficult when the distances exceed 
200 miles. On short transmission lines the economic 
power limit is determined by the cost of power, energy 
losses and the ability of the system to supply higher 
reactive losses. But on long transmission lines, the 
transient stability is the determining fector. For 
normal stability of overheed lines, 


P (power) = SVE ond Pini rie ; 





where X is total reactance 

E is Sending End Voltage 

V is Receiving End Voltage 

@ is Phase Difference between E & V 


As the curve of power and the angle @ is an inverted 
parabola, the power limit should be below P,,,,, and 
usually it is about 2/3 the maximum, when @ is 
about 42°. The limits for loading of the transmission 
lines are based upon surge impedance i.e. 2.5(kV)? 
for a single circuit line and 5(kV)? fora double circuit 
line. If bundle conductors are used, the loading limit 


increases by 25% i.e. 6.25(kV)*. The approximate . 


surge impedance loads are noted below : 


Line kV Surge Impedance Amps 
Load MW 
115 33 166 
230 132 332 
287 206 414 
330 273 476 
440 484 635 
500 625 732 


Under surge impedance loading the i* losses are 
small. The angle ®, between the two ends of a 


By Dr. B. K. R. PRASAD 


transmission line is @, = stone where f is frequency 
L is length of transmission line. For f of 50 cycles, and 
L of 400kM (250 miles), ®, is 24°. Since Dax between 
E and V is 42°, the phase angle assignable for 
generators and transformers will be only 18° and just 
adequate. Thus for 50 cycles the longest distance 
of power transmission theoretically would be 400 kM. 
But various methods h®ve been adopted to transmit 
power over longer than 400 kM. These comprise 
compensation of the reactance and capcitance of 
the line by shunt reactors and series capacitors and 
interconnection with other generating systems at 
intermediate points. Switching stations at intervals, 
synchronous condensers, controlled shunt cepacitors, 
interconnection with other power systems, control 
of generator magnetic field and exciting current, 
higher flywheel effect of generators with lower 
transient reactance improve the system stability. 
Other methods include proper protection against 
short circuits, high speed re-closure on temporary 
feults by quick-acting relays and high speed 
breakers. 


The impedance of long lines causes operational 
difficulties, which increase as the system becomes 
more closely interconnected. The stability existing 
in the tie between synchronous generators of the hydro 
station at one end of the line, and other synchronous 
machinery at the other end is endangered at times of 
transient disturbance, causing the system to fall out 
of step with consequent failure of supply to large 
blocks of consumers. Control of fault currents between 
different networks or large power stations in regard to 
instantaneous load swing under varying operating 
conditions becomes difficult. Line outage on one side 
may cause severe load flow on the other. It is also 
difficult to transfer energy from one section of 
network to another. With D C power tratismission, 
this is avoided as the rectifiers and inverters facilitate 
a constant load transfer. 











Re-closing switches with arrangements for clearing 
single phase faults, pilot wire and carrier current 
systems also help the stability. The use of hollow 
conductors and bundle conductors for high voltages 
facilitate heavier loading and greater stability. Modern 
lightning arresters solid earthing of the transformer 
neutrals also improve the protective level. 


Voltage Ratings 

For several years the maximum voltage adopted 
for transmission lines was 132/220 kV. In Great 
Britain and Japan 132 kV was the highest voltage. 
In USA it was ranging from 154 to 220kV. In most 
of the European countries and USSR, it was 220 kV. 
But as the loads increased and the networks 
extended over longer distances, higher voltages 
became necessary. Thorough technical and economic 
investigations of future loads and transmission distan- 
ces have resulted in the adoption of higher voltage 
transmission lines. Britain adopted 275/300 kV with 
& provision for 380kV later on. The broader question 
of locating power plants near the coal mines or on the 
coast not far from the collieries has fitted into the 
scheme. The interlinking of the hydro-electric power 
stations in Scotland with the high voltage grid has 
also been facilitated. 


In Sweden the question of connecting the power 
stations in the north with the load centres in the south 
involved the adoption of 380 kV 600 miles. Similarly, 
the interconnection of the hydro power stations in the 
south of France with the thermal stations in the north 
necessitated the conversion of the double circuit 
225kV line toa single circuit 400kV line (275 miles— 
240 km). Including other systems there are nearly 
1790 miles (2880 km) of 400kV. In Finland 380 kV 
lines are being constructed and there will be about 
575 miles (925 km) of suchlines. These may be inter- 
connected to the Swedish and the Russian systems. 
In the USSR there are already 1060 miles (1705km) 
of 400 kV lines, and by 1960 they will have about 3100 
miles (4990km) of 400kV lines in operation. They have 
also planned to convert their existing 400kV line to 
500kV with relatively small modifications. Future lines 
will be built for this voltage level and later on a double 
circuit 400 kV DC line. Investigations of transmission 
lines at voltages of 600 to 700 kV are being made in 
Russia and Sweden. 


Germany has also installed about 210 miles of 380 kV 
lines with 4 conductors per phase. In the USA lines 
of 345/362kV have been ‘in operation (1200 miles). 
In Canada also some private and public utilities have 
installed nearly 300 miles of 345/380kV lines. Two 
conductors per phase have been used in the French 
and Swedish lines, three conductors in the Russian 
lines and four conductors in the German lines. Austra- 
lia and Rhodesia have also planned to install trans- 
mission lines (nearly 800 miles) in each case of 330/345 
kV lines. In Argentina, 2 600 mile line of 380/420 kV, 
is being planned. The British Grid are also consider- 
ing a 1275 km line of 380/420 kV. Data on these lines 
are shown in Tables 6,7 & 8. Some features of the 
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transmission systems of the respective countries are 
noted below. 


In the Swedish system the remote northern power 
station of 350 mVA capacity transmits power to the 
load centres in the south 600 miles (950 km) away with 
an intermediate switching station and interconnection 
with another power system of 800 mW. When the load- 
ings are increased, transmission distances will go 
up to 900 miles (1500 kM). Double conductors and 
series Capacitors have been used to improve the power 
carrying capacity. The insulation level is about 
1775 kV. The synchronous reactance of the system 
is about 65%. Reactors have been installed at the 
generating station 3x40 mVA, intermediate station 
3 x 60 mVA and the end station 2 x 60 mVA. Inaddition 
to the capacitors, a synchronous condenser of 75mVA 
has been installed in the end station. Other data are 
shown in Table 1. 


In Britain the growth of power demand and the 
geographical position were studied in relation to the 
existing 132 kV grid system. The basis was the max. 
demand of 300000 W expected by 1975. Interconnec- 
tion, of existing power stations, judicious installation 
of extra power plants and the cost of coal transport 
vs. the cost of power transmission lines were consi- 
dered, and it was decided to instal a system of 275/ 
300 kV lines. It was also envisaged to consider a 
380kV system for a later stage. Interconnection was 
a primary function rather than bulk power transmis- 
sion over long distances. About 1150 route miles of 
transmission and 22 switching and transformer sta- 
tions were involved. The design included 2-bundle 
conductors systems of 0.175 in? and 0.4 in?. The 
reactive drop of generators was 12%, transformers 
10%, transmission lines 22%. The 275 kV system 
has the following features: i) Substantial increase in 
capacity of interconnection between different parts of 
the country to keep overall capital investment of 
generation and transmission a minimum, (ii) This 
voltage provides a smaller number of circuits for 
sole connection between the areas and provides 
sufficient transmission capacity between different 
parts of the country. (iii) This also facilitates siting 
of the generating plant where fuel costs are lower. 
(iv) Although the initial voltage will be 275 kV, 
higher voltage may be adopted at a later stage. 


The adoption of higher voltages increases the trans- 
mission capacity considerably. The change from 
132kV to 275kV nearly doubles the capacity, and from 
275 kV to380kV it increases by 50%. The changeover 
from 400kV to 500kV in Russia has increased the capa- 
city by 15%. The higher voltages have a greater 
economic loading and the cost of energy transmitted 
over a given distance and voltage level is constant over 
a widerange of loads. The adoption of bundle conduc- 
tors has decreased the corona losses. The other mes- 
sures mentioned earlier have made it possible to make 
the AC transmission feasible at high voltages over 
fairly long distances. Experimental work on the 
possibility of transmission at higher AC voltages is 
being carried out in France, Germany, Sweden, Bri- 
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tain, USSR, USA, Canada and Japan. Voltages from 
460-750kV are being considered. These problems are 
mainly to ascertain the optimum limit of long distance 
transmission of AC power, and then to determine at 
what stage DC power has to be used. For example, 
Russia has the problem of trensmitting 2000 mW over 
a distance of 2000 km at a very high voltage, 
probably 800 kV. They are  seriourly consider- 
ing the adoption of DC transmission. In the USA, 
an experimente! 750kV line is being considered, 
but they may adopt 500 kV for all practical purposes. 
In long distance transmission, the installation of 
switching stations is an important factor, and one 
station per every 100 miles may be necessary. To 
improve stability, the installation of series capacitors 
would be required. There are limitations of load e.g. 
a double circuit of 230kV for 100 miles can carry 
about 450mW; a 330 kV line can carry about 85 mW. 
Over 200 miles, it requires 440kV to transmit about 
600mW. 


High Voltage DC Power Transmission 

This is being considered for future developments 
since the distances of transmission and load demands 
are rapidly increasing, and AC transmission for this 
purpose at high voltages becomes complicated and 
difficult. At voltages upto 500 kV AC compensating 
devices such as bundled conductors are being used 
to reduce corona loss and inductance and to increase 
loading capacity and capacitance. Even then opera- 
tional difficulties are increased and stability limits 
have been reached. The charging power is high and 
magnetisation of the lines cause radio and TV inter- 
ference. With DC power no charging current is re- 
quired and there is no limit to stability as there is no 
inductance and capacitance. The DC system requires 
less insulation and two conductors as against three 
for AC systems for overhead lines. In the AC systems, 
the reactive power is determined by the length of 
the lines, whereas in DC systems it depends only upon 
the power transmitted. There is also no radio and TV 
interference. No synchronisation is required. In the 
case of AC systems there is some difficulty of stability 
between the synchronous generators and the power 
plant and other equipment at the receiving station 
during transient disturbances. This causes systems 
to fall out of step. In DC transmission, this difficulty 
does not arise and interconnection of large systems 
is easier. In DC transmission there are some effects 
due to the operation of rectifiers and inverters. The 
equipment is expensive and requires a large percentage 
of the active power of the system, although capaci- 
tors or synchronous condensers are not required for 
DC power stability, they are necessary to compensate 
for the inductive power used by the inverters which 
are sensitive to disturbances of reactive power balance. 
This depends upon the stability conditions of the in- 
verters. The latter cannot be overloaded and require 
constant voltage regulation by special regulators. 
Disturbances in backfires of rectifiers caused by short 
circuit of transmission lines and stalling of inverters 
are to be guarded against. The economical limit of 
AC transmission lines should be exceeded before DC 
transmission becomes economic and advisable. This 


limit is usually reached above 400 miles and 500kV. 
For a given insulation level end conductor section 
higher DC voltages can be used. The power capacity 
per circuit on DC systems is not limited to surge 
impedance loading and there is no limit for the length 
of transmission lines on grounds of stability. DC 
system is only good for bulk transmission of power 
because voltage transformation for distribution pur- 
poses is not possible. 


According to rough estimates the cost of AC trans- 
mission lines for transmitting 1280 mW over 370 
miles at 400kV is about £26 million. The transformer 
station equipment costs ebout £13 million, making a 
total of £39 million. For a DC system of the 
same power the cost of transmission lines would be 
£15 million, and of the converter system about 
£19 million making a total of £34 million. There 
are already some short lengths of DC overhead lines 
installed in Sweden, Russia & France, which have 
proved satisfactory at voltages comparable with the 
AC systems. For submarine cables or for cables in 
congested areas and difficult sections in deserts, DC 
is eminently suitable. The first HV DC submarine 
cable was from the Swedish mainland to Gottland 
about 62kM for transmitting 12mW at 100kV with 
earth return. By laying another cable at a negative 
potential the power capacity could be increased to 
40mW. Based onthis experience it is proposed to lay 
DC power cables for the interconnection of the British 
grid system with that of the French. These matters 
are being very carefully considered by the Intenra- 
tional Electro-Technical Commission and the C. I. G. 
R. E. 


Table 1 
Data on the 380 kV AC Transmission lines in Sweden 





Average Span 330m (1080 ft) 
Maximum Span 555m (1820 ft) 
Minimum Span 145m (476 ft) 


Sag 10.2m (32.5 ft) for a span of 330m ‘ 


Cross Arm Height 23m (75 ft) 

No. of Conductors/ 

Phase 

Phase Spacing 12m (39 ft) 

Cross Section ACSR 2x 592mm? (2x 0.918 sq. in) 





Ground Wire 2 Steel cross section 70mm? 
(0.11 sq. in) 
Insulators String No. of units 20-23 
Insulators-Length 
of String 3.4m (11 ft) 
Table 2 


Data on EHV Transmission Lines—British Grid 


EEE 





Voltage 132 kV 275 kV 
No. & size of conductors/ 10.4 in? 2x 0.175in? 2x 0.4in? 
hase 

nadaiee ohms/mile 0.11 C.125 0.055 
Inductive Reactance ohm/ 

mile 0.63 0.54 0.53 
Capacitance microfarad/mile 0.015 0.018 0.018 
Charging Current amp/mile 0.36 0.9 0.9 
Charging kV A/mile 82.5 430 430 
Surge Impedance 366 312 307 
Power MVA 375 570 
Length of Line miles 343 734 
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Table 3 Table 4 
British Grid System—Condition of the Line under different . . 
Vellags: Regulation Comparative Loadings of AC & DC Systems 
, AC 3 Conductor De 2 Conductor DC 13.5% Lowe 
Voltage Regulation 10% 20% I noah Laot 2 Coubester 
Sending End Voltage kV - ye Line Voltage220kV 360k V 310 kV 
Sending Current amps 1040 1140 Line-Earth Voltage 
Bending Sewer iW ne - 127 kV 180 kV 155 kV 
Sending Power Factor C26 ing 0.008 ag Power/Cireuit 100 mW 134 mW 100 mW 
Receiving Voltage kV 275 247 Conductor Section Al 
Receiving Current amps 1050 1170 0.54 in? Al 0.54 in? 13/5% 
Received Power mW 500 490 cu 0.34 in2 Cu 0. 34 in? ° 
Received Power Factor 1.0 0.98 Ohmic 1loss/100 miles 
Transmission angle 22° 23° 2.85% 2.85%, 2.85%, 
Table 5 
Operating EHV Transmission Lines 
West Germany France USSR Sweden USA Canada 
Voltage kV 380/420 380/420 400/440 380/420 345/362 345/380 
Length km 340 446 850 950 1300 miles 315 miles 
Circuits 2 1 1 1 1 1 
Bundle 4 2 3 2 1 2 
Conductor 4x 21.7 2x 26.4 3x 30.2 2x 31.68 1X 1.6 in 1X 1.108 in 
Dia Acsr mm? 
Load mW 1200 430 520 460 
Span m 350 500 430 330 
Places Romerkirchen Genessiat Kuibychev Harspranget British Columbia 
Connected Hoheneck Plessis Moscow Halsburg 
Year 1957 1957 1956 1952 1956 1957 


New EHV systems above 300 kV are being planned in the following countries : 


USA 345/362 kV 600 miles 
British Grid 380/420 kV 1275 miles Double Circuit 


Finland 400/420 kV 575 miles 
USSR 500/525 kV 2470 miles 
Sweden 500/525 kV 360 miles 
Rhodesia 330/345 kV 864 miles 
Australia 330/345 kV 800 miles 
Argentina 380/420 kV 600 miles 








PAUL W. LITCHFIELD 


Mr. P. W. Litchfield, 
Hony. Chairman of the 
Board of The Goodyear 
Tyre & Rubber Co. (Inc.) 
died on the 18th March 
at 11-30 P. M. (EST) in 
St. Josephs Hospital in 
Phoenix, U. 8S. A. 


Mr. Litchfield was born. 
in Boston in 1875, and 
was graduated from Mas- 
sachusetts Institute of 
Technology in 1896. He 
Joined Goodyear in 1900 
as Superintendent; became a Director in 1906; Factory 
Manager in 1911; Vice President in 1915; First Vice 





President in 1923; President in 1926. He became 
Chairman of the Board and President in 1930 and was 
in that capacity till October 5, 1958, which he relin- 
quished this post in favour of the present Chairman 
and President of the Board—Mr. E. J. Thomas. At the 
time of his death he was Hony. Chairman of the 
Board. 


Apart from his being Chairman of the Board of 
several Goodyear subsidiaries, he was also the Chair- 
man of Goodyear-Celifornia, Michigan, Alabama, 
Great Britain, Australia, Argentina etc. 


The growth of Goodyear and the progress of.the 
Rubber Industry as a whole are underlaid by many 
and varied innovations fostered and directed by Mr. 
Litchfield. 
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AL/ 605 


Protect cables from weather: Moisture 
is essentially injurious to wood. When 
stored out of doors, reels tend to get 
wet and cultivate deteriorating fungus 
growths. 


Reels should be kept off the ground 
so that moisture will not harm the 
cable reel flanges and laggings. Sound 
reels are easier to handle and there is 
less chance of injury to the cable as it 
is removed from the reel. 


Handle the reels carefully: Reels 
should be handled carefully so as to 
prevent nicking, cutting, smashing or 
otherwise damaging the conductor. 
Especially when loading conductor on 
cars or trucks, be careful to avoid drop- 
ping to the ground from the car or truck. 


PROPER REELS HANDLING AND STORAGE 


prolong cable life 


Always roll a reel in the direction 
indicated by the arrow on the flanges. 
When rolling an unlagged reel, put 
planks under the flanges to avoid pressure 
on the cable. Reels should always be 
rotated when wire and cable are paid 
off to avoid twisting of the cable. 


Examine each shipment on arrival: 
All our consignments are sent 
usually insured. You should, therefore, 
examine each shipment on arrival to 
determine whether or not damage has 
occurred during transit. Make this 
examination before removal to ware- 
house or project site. Report any 
damage promptly to the Railway or 
other carrier and to the insurance 
company. 


THE ALUMINIUM INDUSTRIES LIMITED 


SAPO 


India’s largest manufacturers of aluminium conductors and accessories 
Registered Office: Kundara (Kerala) 
Works at: Kundara (Kerala) & Hirakud (Orissa) 


Managing Agents: 


Seshasayee Brothers (Trav.) Private Limited 
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Nuclear power for Britain by A.E.I|. 


SUNVIC CONTROLS LIMITED (An 
A.E.!. Company) are undertaking (on 
behalf of the A.E.l.—John Thompson 
Nuclear Energy Company) the design 
and supply of the reactor and heat- 
exchanger instrumentation and of the 
gas-activity monitoring equipment, for 
the first commercial nuclear power 
station in the world. This power station 
is now under construction at Berkeley in 


1 and 2 Two reactors are. contained in cylindrical 
pressure vessels SO ft. diameter and three inches 
thick. The nett output of these reactors will be 
three times that expected at Calder Hall. 


3 Steam Raising Plant The heat exchangers, which 
will be built by the John Thompson Company, will 
produce super heated steam at two distinct pres- 
sures, each bank of boilers feeding dual turbo-alter- 
ator sets. 


4 The Turbine Hall The one central turbine hall will 
contain four Metropolitan Vickers’ turbo-alternator 
sets, operating at lower steam temperature and pres- 
sure than is usual in more orthodox power stations. 


Gloucestershire. SUNVIC CONTROLS 
LIMITED are also engaged in instrumen- 
tation for the three Research Reactors 
for Associated Electrical Industries 
Limited, the Atomic Weapons Research 
Establishment, and the Government of 
West Germany. The Company are also 
experienced in other process control 
fields—notably in the oil and chemical 
industries. 











Represented in India by 
Associated Electrical Industries (India) Private Ltd. 


Head Office ;: Crown House, 6 Mission Row, Calcutta. 
Branches ot : BOMBAY NEW DELHI! MADRAS BANGALORE COIMBATORE NAGPORE 





A.E.1.’S ‘LIGHT’ PRODUCTS MAZDA LAMPS 





AIC-189 








Nuclear Power in U. K. 





(Being the speech delivered at the Symposium on 
Power Development in India at the Indian Science 
Congress, Delhi, January 26, 1959) 


I must thank you for the very kind words of welcome 
with which the President of the Engineering and 
Metallurgy Section received me here today. It is a 
great pleasure for me to be in India on the occasion of 
this Science Congress and to attend some of the meet- 
ings of Section M. Especially it is a pleasure also to 
find one of my old pupils here as President of your 
Section. 


You asked me to make a short statement about the 
development of nuclear power in England in relation 
to our other sources of power. Although at home there 
are some points in common with the fuel problems 
which face India—problems which have been very 
fully and very carefully dealt with by Dr. Datta 
in his Presidential Address—there are other aspects 
which are very different in England. As I said the 
other day, Dr. Datta very rightly emphasizes 
the great importance of hydro-electric development 
in India for many years to come, but he also mention- 
ed that there were a few parts of the country, and he 
instanced Bombay as an example, in which the first 
essays in nuclear power might be carried out. In 
Great Britain hydroelectric schemes contribute a 
negligible fraction of our total supply of electricity 
and there is little chance of a vast expansion in this 
direction, whereas a big programme for the develop- 
ment of nuclear energy has been started. 


Thesiting of nuclear power stations presents simpler 
problems to us than those you will have to face in India 
for many years to come, in @s much as the major 
power generating stations in Great Britian are connec- 
ted with a vast Grid system originally based ona 
transmission voltage of 132 kV. but now being based 
ona super Grid of 275 kV. This gives great freedom in 
the choice of siting for the first nuclear power stations. 
They can be grouped together in large units and for 
the time being they are being located in fairly remote 
places by the sea coast or on river estuaries, remote 
from the regions of cheap coal. 


_ The siting in fairly remote places is a wise precau- 


By Dr. T. E. ALLIBONE 


tion, not that nuclear accidents are anticipated but it 
is considered wise in this great new development to 
be reasonably cautious, and at least the first six nuclear 
stations will not be placed in close proximity to re- 
gions of high population density. Because the 
Grid is already in existence the remote siting of the 
nuclear power stations does not add greatly to the 
cost of transmission of power. Another important 
feature of power generation in which we differ from 
India is that we have a fairly high percentage of 
base load. Out of our 22,000 MW of installed capacity 
about 6,000—8,000 MW is the minimum base load to 
be supplied during the quietest days of the summer 
months when industry is at its lowest ebb, Provided 
the cost of power is low enough it is clearly advantage- 
ous to build sufficient nuclear power stations to supply 
the whole of the base load of the country and it is 
hoped to achieve this figure in the first ten to twelve 
years of nuclear power development in Great Britain. 


In his Presidential Address Dr. Datta stressed the 
low cost of sources of power that you have in many 
regions in India, particularly cheap coal and cheap 
water power. In Great Britain, as I have said, water 
power supplies a negligible quantity of our electricity, 
in fact, about 2% so that it can be neglected in our 
major planning for power. The cost of generation of 
electricity from coal has risen steadily since the war 
from 0.42d. to 0.67d. in the last ten years, and this, 
in spite of an improvement in the average thermody- 
namic efficiency of steam stations from 20% in 1948 
to 25% in 1958. It is. of course, gereatly affected by 
the price of coal whch has increased by over 70% in 
the last ten years,—it increased 5% last year—and it is 
against the background of these ever-rising costs of 
coal that we have to consider the present and possible 
future cost of nuclear power stations. 


An important lead was given in Great Britain, as 
you know, by the Government in the building of 
the Calder Hall power station which began to operate 
in 1956. This station comprises two reactors and 
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Atomic Power Station : Calder Hall 


generates some 800,00—90,000 kW. Three other similar 
stations have been or are being built at the present 
time by the Government. 


In 1955 the Government asked industry to prepare 
designs for the next group of nuclear generating sta- 
tions. Much new metallurgical, engineering «nd physi- 
cal research was undertaken by industry to improve 
upon the Calder Hall design ina number of ways design- 
ed to increase the rating of the reactor and to cheapen 
the average cost of power. A major improvement 
was effected by increasing the thickness of the steel 
pressure vessel containing the reactor by 50%. This 
increased the rate of flow of gas cooling the reactor 
and the result of all these improvements is that the 
first stations which are being built by industry will 
have a rating of 300 MW each. Two of these stations 
will start operation in 1960, a third in 1961, whilst a 
fourth station rated at 500 MW should be in operation 
by 1962. They are expected to work at a reasonably 
high thermodynamic efficiency and the cost of genera. 
tion of electricity by then is expected to be only a 
little higher than the present day cost of generation in 
modern coal-fired stations. In such coalfired stations 
rather less than one half of the cost of electricity 
generated represents amortisation and other operating 


costs and rather more than one half repressents the 
cost of coal. In the first nuclear industrial power sta- 
tions three quarters of the cost of generation will be 
due to amortisation and operating charges and only 
one quarter of the cost to uranium fuel. As experi- 
ence is gained in the construction of nuclear stations 
it is expected that their capital cost will fall. Those 
stations which will be completed in 1960/1961 will 
have cost £145 per installed kilowatt. The 500 MW 
station to be completed by 1962 is only expected to 
cost £120 per kilowatt, and if the size of a nuclear 
station increases later in the 1960’s the cost per kilo- 
watt might fall below £120. To be specific, the 500 MW 
station costing 60 million pounds plus the cost of the 
initial loading uranium and operating at 80% load 
factor as a base load station is expected to carry an 
amortisation charge (at 8%) of 0.018 rupees/kWh, 
a fuel and operating cost of 0.01 rupees per unit, total- 
ling in all 0.03 rupees per unit, whereas a coal station 
of similar size would have an amortisation charge of 
0.007 rupees per unit and a fuel operating charge rang- 
ing from 0.021 to 0.026 rupees per unit. 


After this first generation of nuclear power stations 
has been built it is expected that certain technical 
advances would have been made which will allow the 
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operating temperature of the reactor to be increased 
whilst still maintaining the same general features of 
design. Thus the substitution of uranium oxide or ura- 
nium carbide for uranium metal will enable the operat- 
ing temperature to be raised since these compounds 
do not suffer as much structural damage with the 
rise of fission products as is suffered by uranium 
metal. An additional advantage arises from the fact 
that the fuel can remain in the reactor for longer 
periods of time without the risk of burst cans and 
fission product contaimination, and in consequence 
the cost of fuel replacement will be reduced. To take 
full advantage of the use of oxide the fuel elements 
should be encased—or “‘canned”’—ina metal of higher 
melting point than the aluminium metal will be avail- 
ablein due course. The operating temperature might 
thus be raised to over 1,000°F and the thermodynamic 
efficiency to over 35%. So by 1965/66 the operating 
costs may be even lower than the figure given above, 
and the total cost well below that of the coal-firied 
station. 


It is in the light of these possibilities that you have 
to view the immediate problem of nuclear power for 
India. Forsometimetocome itis obvious that you will be 
a few years behind Great Britain in technical advances 
in the design and operation of nuclear stations. Even 
if you begin to construct your first nuclear station 
in the next year or two it will be 1964/65 before this 
is in operation and its cost may well be higher than 
the British cost—in spite of your cheap labour—because 
of the novel problems to be faced in India just as they 
had to be faced with out first station at Calder Hall. 
Stations built in India after that date might fall con- 


siderably in cost and a comparison is wanted between 


the estimated cost of the nuclear stations of 1965-70 
against those of your hydro—or coal—stations at the 
date in various parts of the country where the load is 
large enough to warrant the siting of big nuclear 
stations. 


The further development of the gas-cooled reactor 
up to 1965/66 is fairly straight-forward, increasing the 
life of fuel etements and so reducing costs. 


By 1966 nuclear stations operating as base load 


0. E. E,C. COUNTRIES COMBINE IN 


The third jointly-run international project in the 
programme of the O. E. E. C.’s European Nuclear 
Energy Agency for the development of nuclear power 
for peaceful purposes on a Europe-wide basis has been 
approved by the Agency’s Steering Committee. Six 
European countries, together with Euratom, will 
combine in a joint investigation of the use of high- 
temperature gas-cooled reactors for nuclear power 
stations and other applications. 

The new project, known as ‘‘Dragon’’ will be based 
mainly on the construction of an experimental power- 
producing reactor (several Megawatts) at the United 
Kingdom Atomic Energy Authority’s Research Estab- 
lishment at Winforith Heath in Dorset. The cost of 
the five-year programme of research and experiment 
is estimated at some £13.6 million, £10 million of which 
will be provided by the United Kingdom, Euratom 


stations in Great Britain may be producing as much 
as one half of the amount of electricity which we now 
produce, that is to say, producing about one quarter 
of the electricity we shall then be needing. The further 
expansion of nuclear after 1965/66 is more problematic 
because future stations will not be operating at such 
a high load factor unless, of course, the base load 
can be increased by changes in the habits of the in- 
dustrial population such as by a big increase in two- 
shift working in order to reduce the costs of industrial 
production. By that date other types of reactors 
may have been shown in other countries to be of 
much cheaper capital cost than the ‘gas-cooled re- 
actor, thus the water-moderated, water-cooled reactor 
on which the Americans are working appeats to hold 
out promise for cheaper costs, and if capital costs 
can be greatly reduced then nuclear power will have 
no difficulty in competing with coalfired stations operat- 
ing at low load factor. Also by that date the fast fission 
breeder reactors now being built in several countries 
will have been in operation for some time and it will 
be possible to assess the cost of power based on these, 
and on slow-fission thorium-uranium breeder reactors. 
At a meeting of the British Electric Power Conven- 
tion in June 1958, Sir Christopher Hinton, the Chair- 
man of the Generating Board, said that unless he 
construction costs of nuclear stations were greatly 
reduced, by the 1970’s the building of coal stations 
might have to continue. 


The general problems of nuclear power in India 
were reviewed by Bhabha and Prasad at the Geneva 
Conference in September 1958, and their review ex- 
tended over the next 40 years when it will be 
imperative for India to have a large nuclear energy 
programme. They pleaded for a 1000 MW programme 
to be included in the third 5-year Plan, based on na- 
tural uranium reactors so that these should be the 
basis for India’s ultimate thorium-uranium reactors. 
As a visitor to your country seeing the situation only 
very superficially I would strongly support the idea of 
construction of one or two reactors as soon as possible. 
The will take a long time to build and it will take years 
to train an army of young engineers to prepare for 
future developments in India. 


NEW NUCLEAR ENERGY PROJECT 


(43.40 per cent each), Austria, Denmark, Norway, 
Sweden and Switzerland. The excess £36 million 
will be borne by the United Kingdom, which will 
retain ownership of the reector and installations in 
England on conclusion of the Dragon project. 

The international Agreement inaugurating the pro- 
ject is expected to be signed at O. E. E. C. headquar- 
ters in Paris. 

Previous joint nuclear energy undertakings initiated 
by the European Nuclear Energy Agency comprise 
a twelve-country Convention setting up the European 
Company for the Chemical Processing of Irradiated 
Fuels (Eurochmic) with plant and ‘laboratories under 
construction at Mol in Belgium; and a Boiling Heavy 
Weter Reactor et Halden in Norway, in whose opera- 
tion five 0. E. E. C. Member countries and the Eura- 
tom are participating. 
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there {$ a 


GOODYEAR HOSE 


for every job and a 


GOODYEAR 
CONVEYOR BELT 


to ¢arry any material 








quickly and economically 








Long length, low, medium and high Goodyear Conveyor Belts, by quick 
pressure suction and Geiivery hoses for transportation of bulk quantities, 
water and oil. Also for air, spray, offer the lowest cost per ton per 
welding, cement grouting and sand mile. 

blasting. 


INDUSTRIAL 
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Large Power Transformers 





A notable feature of the progress in electricity supply 
over the last sixty years has been the continued growth 
in the size of power transformers. This growth has 
shown no signs of saturation and indeed has been ac- 
centuated during the last few years. 


Over thirty years ago transformers of 100 MVA and 
100kV had been built. At the present time the rating 
has increased to over 400 MVA and the voltage to 
400 kV or more. A three-phase unit has been built 
in the U.K. for 345 MVA at 165kV. It may be noted 
that the increase in MVA rating has run roughly 
parallel with the increase in line voltage so that, over 
the years, the current rating of the high-voltage wind- 
ing has not changed. This follows from the fact that 
overhead transmission lines have not altered appreci- 
ably in current carrying capacity over the last fifty 
years. On the other hand, the maximum current 
rating of the low-voltage windings has increased four- 
fold, since generation voltages have remained virtually 
constant. 


The modern practice of superimposing higher 
voltage systems on existing networks has increased 
the use of auto-transformers for interlinkage, especi- 
ally for 132/275 kV and 275/400 kV _ combinations.? 
It is now the usual practice to choose three-phase units 
wherever transport conditions permit, if necessary 
using five-leg three-phase cores. For the 400 kV 
range, however, single-phase units become usual, and 
here the overall height can be reduced by means of 
four-leg cores. 


Apart from the obvious requirements of rating 
and voltage, there are other external factors restricting 
the design and construction of large transformers, 
especially for export. The over-riding restriction is, 
in general, transport conditions, both as regards the 
maximum weight of a single unit and dimensional 
limitations such 2s railway loading gauges, bridge clear- 
ances, etc. These restrictions will generally determine 
whether three-phase units are possible or whether banks 
of single-phase units must be chosen. It may even be 
‘necessary to split either of these alternatives into two 
or more transformers in parallel. 


By E. T. NORRIS 


Other external factors include the reactance, which 
may be limited in either an upper or lower direction 
by voltage regulation, system stability, or short-circuit 
current limitations. Thislattercan be a serious con- 
sideration for large capacity systems where short- 
circuit ratings of 25,000 MVA are now possible. 


At the generation end, since water turbines are limi- 
ted to about 150 MW capacity, it is common to 
have two alternators feeding one transformer. On 
the other hand, with steam generation there is no 
such limit to the turbine capacity and it may even 
happen that the reverse condition occurs, one alterna- 
tor supplying two transformers. 


One more external factor is the specified insulation 
level to meet any particular lightning and switching 
surge stresses. This will depend upon the system lay- 
out, the severity of lightning, and the method of pro- 
tection. 


The effect of size may be shown by treating design as. 
a three-fold combination of electrical, mechanical and 
thermal considerations. For very small transformers 
only electrical stresses are concerned. As the size 
increases heat dissipation becomes @ blem, i.e. 
thermal stresses need individual consideration. For 
the largest transformers, while both electrical and 
thermal stresses are accentuated, mechanical stresses 
become rapidly more prominent and in many cases 
can be an over-riding consideration This three- 
fold combination in an intense form, together with 
the external controls previously mentioned, make the 
design and construction of very large trnsformers an 
intricate and complicated matter. 


Throughout the history of transformer construction 
there have been two basic types knownascore and shell. 
The orthodox definition of these types is that in the 
former the coils surround the core and in the latter the 
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core surrounds the coils. A more practical distinction 
is that in core type transformers, the windings are usu- 
ally cylindrical in shape and concentric in assembly; 
whilst in the shell type, they are rectangular in shape 
and interleaved or sandwiched in assembly. Although 
the majority of manufacturers adopt the core con- 
struction, both types are still made, even for the largest 
sizes, and are apparently competitive. Since the iron 
core or earth part of the structure surrounds the core 
in the shell type, the tank can fit closely round the 
sides but needs full insulation clearances at the top 
and bottom. With the core construction, the tank can 
fit closely to the core at the top and bottom but needs 
clearance to the windings at the sides. In consequence, 
shell type transformers tend to be smaller in plan 
dimension but greater in height than the core type. 
The fact that all British transformer makers adopt 
the core construction may be due to the relatively 
restricted loading gauge in most countries except Cen- 
tral Europe and North America and, in particular, to 
the limitation in height for transport which handicaps 
the shell type. 


Grain-oriented Steel 

Perhaps the greatest contribution in recent years to 
progress in transformer construction has been the de- 
velopment of cold-rolled, grain-oriented electrical 
sheet steel.? This steel is now in large-scale commercial 
production and is rapidly supplanting the older hot- 
rolled material. For a given flux density its loss is 
less than half that of hot-rolled steel. Considerably 
higher flux densities can thus be employed and still 
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Fig. 1. 345 MVA 161/22'5 kV 3-phase 60 cps transformer with air-blast cooling and forced oil 
circulation, total weight 237 tons, for the Tennessee Valley Authority, USA. 
(The English Electric Company Limited) 


result in a notable loss reduction. The upper limit is 
set by harmonics and inrush magnetizing current, 
since the saturation flux density is not appreciably 
increased. 


While the grain-oriented steel is being used in all 
classes and sizes of transformers with reductions in 
weight and size and in both iron and copper losses, it is 
particularly valuable for large power transformers in 
easing transport limitations in both weight and 
dimensions. 


In order to make the best use of the directional 
qualities due to grain-orientation, stress-relief annea- 
ling is essential following all cutting operations. Con- 
tinuous annealing furnaces are now in use giving more 
uniform treatment and continuous production. The 
principles of core construction end assembly are being 
studied ab initio to realize as fully 2s may be the pos- 
sibilities of the new material, and various forms of 
interleaved and mitred jointing have been considered. 


Winding construction may be divided broadly into 
three simple types,’ of which two will be used in any 
one design. The lower voltage heavy current windings 
are generally of the helical single layer construction 
with many strands in parallel, suitably transposed to 
reduce eddy current and circulating current losses. 
Until recent years the higher voltage windings were 
generally made up of a large number of disc sections 
either wound in pairs and connected in series, or, 
morelately, wound continuously with no joints. An 
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Fig 2. 60 MVA 330/88 kV 3-phase 50 cps transformer, 
Type ON/OFB, with automatic on-load tap-changing 
gear, for the Kariba hydro-electric scheme on the 

Zambesi River, Rhodesia (Ferranti Ltd.) 


alternative type is a multi-layer construction consis- 
ting of a number of successively shorter leyers assem- 
bled concentrically over the LV windings. This is 
particularly suitable where one end of the winding is 
earthed and the insulation can be graded through the 
successive layers to the high-voltage terminal. The 
type is not new, @s it has been employed for meny 
years in the construction of high-voltage testing trans- 
formers where only electrice| stresses need considere- 
tion. In this respect, the multi-layer winding is advan- 
tageous both as regards power frequency and surge 
stresses. It is not quite so attractive from the point of 
view of thermal and mechanical stresses. In conse- 
quence, both types of winding are employed even by 
the samemanufacturer, depending upon the individual 
manufacturing technique end design practice. 


The winding insulation now a days consists almost 
entirely of oil-impregnated paper and press-board in 
various forms. The conductor insulation is invariably 
paper wrapping. The combination of paper and oil 
has a relatively high electric strength, but has the dis- 
advantage that it is susceptible to moisture 2bsorption, 
since fibrous insulation has a greater affinity for water 
than transformer oil. 


The oil impregnation of the insulation is done after 
the windings have been completed and assembled. A 
high degree of vacuum is required and the process may 
be carried out either in 2 separate vacuum chamber or 
when the transformer is finally instelled in its own 
tank which must, of course, be constructed to with- 
stand the resulting mechanical stresses. 


Some Neeessary Precautions 

Although paper and press-board is an excellent 
insulation and very convenient to use, it has the dis- 
advantages, in common with all fibrous materials, of 
being not only electrically but mechanically affected 
by moisture absorption, and, in addition, of having 
non-linear mechanical properties. In consequence, 
great care and precautions are necessary to ensure that 


the windings are mechenically rigid and electromag- 
netically balanced, not only in the design stage but 
efter the mechanical strains in the insulation due to 
the assembly end impregnation processes have been 
stabilized.’ 


It is becoming usue] in the lerger transformers for 
tapping sections to be separate layer windings or coils 
so that the mechanical strength is not appreciably 
affected by the particular tapping in use. 


. The cumulative effects of repeated short-circuits are 
being studied, both with regard to tensile stresses in the 
conductor and compressive stresses in the insulation.” 
It is clear that the mechanical stength of a transfor- 
mer is not a single value as has been generally assumed; 
some strains are progressive and some of the stresses 
cumulative, leading to short and long-term character- 
istics. 


While mechanical stresses increase, in general, with 
the transformer rating, the severity of short-circuits is 
increasing due to larger system capacities. The short- 
circuit current permitted by system planning engineers 
is generally based on the rupturing capacity of cir- 
cuitbreakers, and this has increased in twenty-five 
years from 1500 MVA to 20,000 MVA or more. The 
dependence upon number or frequency of faults is, 
however, the more serious because there isa tendency 
for these to increase due to the practice of auto- 
reclosing which makes the repeated switching on to 
possible faults a normal practice; the introduction of 


Fig. 3. 75/48.75 MVA, 150/26.25/10.5 kV 3-phase 50 
cps transformer, Type ON/OB, with on-load 
tap-changing gear, for South Holland Mar- 

conistraat Substation (Metropolitan-Vickers 
Electrical Company Limited) 
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fault-throwing for inter-tripping purposes where dead 
short-circuits are deliberately created under normally 
controlled conditions; and the more recent adoption 
of line-ground switching. For all these reasons there is 
a general awareness, in recent years, that mechanical 
strength has become a matter serious enough for in- 
dividual consideration in conjunction with system 
short-circuit conditions. 


Progress in Fault Detection 

For the high-voltage windings the intercoil and 
interturn insulation must be designed to meet not only 
the normal power frequency stresses. which is compa- 
ratively easy, but also the stress ditribution due to 
lightning and switching surges. It is now possible to 
design windings to have any desired value of sutge 
strength, whether resulting from incoming travelling 
waves, chopped by flashover in the station, or 
switching surges. 


Until recently, it was widely felt that there was 
some danger in subjecting a transformer to surge tests 
of any kind, on the grounds that some partial damage 
might be done which would not be detected and might 
result in a weakened transformer going into service. 
The technique of fault detection has, however, made 
such progress within the last few years that this 
fear may now be considered groundless. Indeed it may 
well be claimed that the risk is even less than for simi- 
lar undetected damage due to the familiar power fre- 
quency pressure and over-potential tests. The most 
important development in recent years has been the 
technique of obtaining chopped waves with precise 
timing, which enables such exact repeatability of 
applied surges that the neutral current method of fault 
detection can be applied to chopped waves 2s well as 
fullwaves.* Hitherto, reliance has had to be placed 
largely upon repeating a full wave test after the chop- 
ped wave, which is an uncertain means of detection. 
It is now possible to determine with assurance any 
failure or partial failure in the insulation, due either 
to full or chopped waves. 


Because of this assurance it is now becoming uni- 
versal practice to insist (2s has been usual in British 
and American Specifications) upon the application 
of both chopped and full-wave impulses, since the 
former represent a practical operating condition giving 
the most severe stresses in the winding insulation. 


Fig. 4- 120 MVA 275/66 kV 3-phase 50 cps trans- 
former for the Central Electricity Generating 
Board, in transit by road (C.A. Parsons 

Limited) 


and Company 








Fig. 5. 40 MVA 115/34.5/11 kV 3-phase 60 cps trans- 
former, Type ON/OB, with on-load tap-changing 
gear, for Venezuela (The British Thomson- 
Houston Company Limited) 


With the realization that impulse stresses are now 
under full technical control there has been @ trend 

towards reducing the test values by lowering the basic 

impulse levels as standardized in national specifica- 

tions by one, or even two, steps. 


The standard impulse tests demonstrate that the 
transformer insulation is equal to, or greater than, the 
surge test level. They ensure that the transformer 
has this minimum surge strength, but that does not 
guarantee that it is lightning proof. It is a separate 
problem for the user to provide such external protec- 
tion as will limit the incoming surge to a suitable value 
(at least 20 per cent is suggested) below the test level, 
dependent upon the severity of operating conditions 
and the margin of safety required. 


The Value of Computers 

The complication of large ‘transformer design in 
meeting the numerous mechanical, electrical, and 
thermal stresses under normal and abnormal operat- 
ing conditions as well as on test is being eased by the 
application of digital computers. The fundamental 
design work consisting of the choice of materials, 
the limiting values of stresses, and the methods of 
calculation can only be done by skilled designers. 
There remains, however, in every individual design, 
the numerical calculation of all the technical charac- 
teristics, the process being repeated by trial and error 
(‘iterations’ is the modern term) until a combination 
has been reached which satisfies the specification 
requirements while meeting all the stress limitations. 
While this work is purely arithmetical and could be 
done by junior or even non-technical assistants, the 
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number of iterations for the most economical design 
would be beyond the limits of human fatigue.* 
The digital computer knows no such limits and is 
mathematically accurate in its calculations, however 
numerous and complicated. It thus saves the designer 
much mental drudgery and can also be used for in- 
cidental work of a laborious nature such as the precise 
calculation of reactance, eddycurrent losses, surge 
stresses, mechanical forces, and thermal characteristics. 
As may be expected, considerable reorganization of 
design procedure is necessary in adapting design cal- 
culations to computer techniques and in programming 
the information fed into the computer in a form assimil- 
able by it. 


Transformer noise’ is, in general. most objection- 
able to near-by residents. Large power transformers 
are usually installed in correspondingly large generat- 
ing or substations where the distance to the nearest 
resident is comparatively great. Nevertheless this 
distance is frequently small enough for the noise to be 
admittedly objectionable. 


While the noise can obviously be reduced by lower- 
ing the flux density, this is not in itself an economical 
solution and is generally abandoned. Magnetostriction 
and transverse vibrations of the laminations are the 
major cause of noise. The former is an inherent charac- 
teristic of the core material, while the latter, assuming 
correct disign of the clamping and core section, is 
thought to be caused largely by waviness of the 
sheets and by cross fluxes between the laminations 
due to large variations in the permeability of different 
sheets and even in different parts of the same sheet. 
Limited noise reductions have been achieved by in- 
tensive study of these features. 


The only remaining solution is to shield the trans- 
former itself by walls, sound enclosures, or buildings. 
Noise reductions up to 30 db can be obtained in this 
way. An economical solution suitable for transformers 
with separate cooling banks (an arrangement which 
has been British standard practice for many years) 
which avoids the cost of a complete building is a 
weather-proof blanket for the transformer, the bush- 
ings being allowed to protrude. On installation the 
foundations are made suitable for this enclosure, 
which then needs to be erected only if and when noise 
is objectionable. Air-blast fans cooling the radiator 
bank are of course outside the enclosure and _ their 
noise is not reduced, but in most cases they will not 
be in operation during the night when noise is most 
objectionable. 


Cooling Methods 
Some form of forced cooling is either essential or 
at least economically attractive for all large power 
transformers. In generating stations, especially 
hydro-electric where water is available, water cooling 
with separate heat exchangers and forced-oil circula- 
tion is the most economical. 


In all other cases air cooling radiators with forced 
fan or blower cooling and forced-oil circulation are 


usual. The degree of cooling can be thermostatically 
controlled in two or more stages by suitable operation 
of fans and pumps. Forced-oil circulation, which has 
been British practice for thirty years, has recently 
become almost universal. The oil pumps with their 
motors are completely submerged in the oil so that 
oil-tight glands are eliminated and no oiling or greas- 
ing is required. Wear is negligible, the power absorbed 
is small and operation practically noiseless. For these 
reasons there is now a tendency to leave the oil pumps 
running continously for the benefit of the lower wind- 
ing temperature and correspondingly reduced wind- 
ing resistance and load loss. 


On-load tap-changing gear or load ratio control is 
in British practice, an established standard fitment 
for all large power transformers. In recent years there 
has been a pronounced trend towards resistor-instead 
of reactor-type switching. While each type can be 
designed quite satisfactorily for any given service, 
the resistor type is more suitable for high-voltage 
operation and the switching duties are easier. Trans- 
fer switches with high-speed spring operation giving 
arcing times within one half-cycle have been develop- 
ed with correspondingly reduced burning of contacts. 
Contact lives have been increased from tense of 
thousands into the region of hundreds of thousands 
of operations. 


Tap-changer Design Davelopments 

For the high-voltage auto-transformers referred to 
earlier in this article the usual connexion of on-load 
tapchanging gear at the transformer neutral point is 
relatively inefficient even for earthed neutral systems. 
For an autotransformer of 2:1 ratio, for example, 
the necessary tapping range would be doubled. An 
important British development during the last few 
years has been the design of tap-changers insulated 
for direct connexion at the live terminal of the lower 
voltage system. A typical example is the use of tap- 
changers at the 132 kV live point of the 120 MVA 
300/145 kV auto-transformers installed in the British 
Supergrid system. The whole of the switching gear 
and tapping connexions withstand the full impulse 
tests with chopped and full waves for the 145 kV 
system.', 3 


The acceptance of on-load tap-changing as a normal 
feature of transmission and substation transformers 
has led in recent years to its adoption in generator 
transformers (i. e. transformers forming a unit with 
associated generators) in order to relieve the generator 
and exciter of voltage contrel duty. For this applica- 
tion the range of voltage control is usually less, and 
the number of tappings fewer, than for transmission 
transformers. : 


The larger the transformer and the higher its 
voltage, the more vital becomes the maintenance and 
preservation of the oil in service. Recent develop- 
ments have been in the direction of protecting the oil 
from exposure to oxygen or air and from the entry 
of moisture. Oil conservators and dehydrating brea- 
thers have long been the usual practice and are well 
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established. There are now numerous alternatives 
such as filling the space above the oil with nitrogen; 
providing a cushion of nitrogen either in the main 
tank or in separate expansion vessels sufficiently large 
for hermetic sealing; controlling the nitrogen pressure 
by automatic regulators; and: finally by means of 
a plastic or flexible bellows to take up changes in 
volume while hermetically sealed. The last method 
is, of course, an obvious solution of the problem and 
depends entirely upon-the assurance of a flexible or 
plastic material which will withstand the hottest oil 
temperatures over many years and the continual 
flexing in service without losing its elasticity or oil- 
tightness. It must also be proof against faults 
and abnormal operation conditions. 


Most of these alternative methods of sealing are 
more expensive and complicated and need more 
maintenance, and some of them have since been aban- 
doned for other reasons. Although in theory their 
advantages are plausible, yet operating experience 
the world over has shown that the simple conservator 
and breather has given complete protection to the oil 
under all normal and abnormal conditions. A recent 
examination in the United States of a large number 
of transformers in service, of all ages and selected at 
random, has shown negligible signs of progressive 
deterioration over many years. 


Some of the alternative oil protection systems just 
mentioned are not suitable for the Buchholz or gas- 
detecting relay which has now become generally esta- 
blished as a warning of incipient faults and as a back- 
up to the normal electromagnetic protective systems. 
The advantages of the warning due to an incipient 
fault may be overestimated, since the faulty condi- 
tion may be only temporary and, even if sustained, 
may not justify taking the transformer out of service 
immediately. 


Practical experience shows that successful and 
effective operation of the relay depends not so much 
upon its normal indications as upon their interpreta- 
tion. Gas indication should be regarded as a prima 
facie case for investigation. This applies to both 


INTERNATIONAL 


F T Magennis, President of Goodyear International 
Corporation, has returned to Akron after attending 
the International Road Federation’s III World High- 
way Congress in Mexico City. Mr. Magennis is a 
member of the Board of Directors and former 
Chairman of the Board of the International Road 
Federation. 


Marking the tenth anniversary of the IRF, more 
than 500 delegates, representing 46 countries, plus 
the United Nations, registered for the III World 
Highway Congress. 


ges leakage and pressure indications, although with 
the latter there are usually other and obvious symp- 
toms which leave no room for doubt. 


’ The over-riding effect of transport limitations on the 
design and construction of large high-voltage power 
transformers hasalready been mentioned. The restric- 
tions are obviously peculiar to individual site and 
transport conditions and cannot be generalized. They 
included rail and road loading gauge limits, truck capa- 
citities, bridge clearances or bridge loadings. Where 
possible the transformer is despatched completely 
in its own tank and filled with oil. This of course is 
only possible for the smaller sizes. Where oilfilling 
is not possible, owing to weight or transport conditions, 
the tank is filled with gas under a slight pressure. 
On arrival on site the pressure is checked and oil 
filling may then be commenced without any need for 
drying out treatment. In some cases it is economically 
feasible to build the tank partly or wholly of alumini- 
um alloy in order to bring the total weight within 
transport restrictions. Beyond this limit the trans- 
former and tank are shipped separately, the former 
usually in a light sealed casing for preservation during 
transport. Additional help can be obtained by re- 
moval of on-load tap-changing compartments, bushing 
pockets, and all cooling fittings. 
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ROAD FEDERATION 


The session officially opened at the Mexican Palace 
of Fine Arts with an address by the Secretary of Com- 
munications and Public Works of Mexico, Walter C 
Buchanan. 


The Federation was founded by leading statesmen 
end business executives in the belief that improved 
highways foster social and economic progress 
throughout the world. 


To date, a fellowship program sponsored by IRF 
has trained approximately 140 highway engineers 
from 53 countries. 




















Czechoslovak Low-Speed 
Diesel Engines in Continuous Service 





By virtue of its high efficiency, easy operation, 
service readiness, reliability, low investment costs and 
a whole number of other fevourable properties the 
Diesel engine is becoming increasingly more popular 
in all branche: of industry 2s 2 convenient source of 
power. This engine finds its most suitable application 
as @ stationary type coupled with electric generators, 
compressors, waterpumps as well as in marine service 
2s a2 main propulsion engine or as an auxiliary diesel 
set driving several auxiliary equipments. 


This wider scope of application is reflected in the 
rise in production of Czechoslovak Diesel engines. 
As a consequence thereof certain changes have hed to 
be introduced in the production programme. The 
previous manufacturing programme included 2 large 
number of engines that were only slightly different 
in design, speed, output and dimensions. It was 
therefore decided to reduce the number of engine ty- 
pes, taking care to cover the whole range of output 
and speeds mozt frequently required by customers. 
Fig. 1. (See next page). 


This selection has resulted in a simplified produc- 
tion process, thus making it possible for the design- 
ing offices to concentrate on development and tecb- 
nical improvement of the reduced number of types. 
Yet another advantage of this arrangement lies in 
the possibility of standardizing the engine accessories 
aiid thereby limiting the stocks of snare parts etc. 


The main line of Czechoslovak Diesel production is 
based on low-speed engines. The following are the 
basic requirements of such engines: continuous run 
at full load, the smallest possible wear of the main 
engine components, realibility in service and long pe- 
riods between general overhauls. These properties have 
been achieved by sturdier design which in turn calls 
for a heavier engine. This higher engine weight is, 
however, of no great consequence for those servicing 
conditions the engines are intended for. 


The main parameters of these engines are shown in 
the table ‘Main technical data of compressorless low- 
speed engines”’ at the end of the article. 


By ZDENEK POTUCEK 


The engine speed is characterized by the average pis- 
ton speed, which is limited up to 7.5 m/sec with all en- 
gines having a cylinder bore diameter of upto 160 mm 
end up to 6.5 m/seo witb all engines having 2 larger 
cylinder bore. If the above mentioned figures are adber- 
ed to, the engines speed will correspond to that of the 
driven alternator. In such cases where the engine is 
not applied for the drive of these machines, the engine 
speed can be adjusted to any other speeds, or the 
engine can also be operated in 2 wide range of speed. 


The cylinders of all engine types are set up verti- 
cally, aligned in a row. Each cylinder bore forms a 
group of engine types having basic design features in 
= The only difference is in the numter of cylin- 
ders. 


The basic output of each individual engine type is 
considered at the maximum engine speed. These out- 
puts represent the nominal rated capacity. They 
are valid for standard conditions of the ambient 
atmosphere, i e. 2 barometric pressure corresponding 
to 737.4 mm of mercury column and a temperature 
of 15°C. A different atmospheric pressure calls for 
adjustment of the rating. As early 2s the designing 
stage it is important to make provision for adapta- 
tion of the engine to different uses with a minimum 
number of parts. 


The reliability and life of the engine depend not 
only on the overall features, quality of the material 
used fer the production of the main components and 
proper workmanship, but also on the professional 
skill of the operator. Therefore emphasis has been laid 
on clear arrangement of the operator’s stand, suppres- 
sion of engine noise, the provision of -remcte control 
as well as automation of operation. If under given 
conditions it would seem mcre favourable to cover the 
required output, by a larger number of smaller units, 
or to employ one single or a reduced number of larger 
units the decision is made with due regard tc the factor 
of general economy. 
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Obr. 1. 


RosloZeni vykoni a otétek typovych fad volnobéinych naftovych motord tekkoslovenské vyroby. 


¢ 


Fig. 1. Diagram of Range of outpu 
a= 





and speeds of Czechoslovak low-speed Diesel engines. 


its 
revolutions per minute, N=horse power, 


It is cften observed that industrial or marine Diesel 
engines are operated in conditions where they have to 
cover a wide range of outputs and speeds. From the 
point of view of general economy, it is important to 
achieve a flat characteristic of the fuel consumption 
curve in direct dependence on an output and speed 
guaranteeing economic operation. The flat characteri- 
stic of the consumption curve related to the output 
can be seen in Fig. 2, for the 6 S 275 engine. 


Important factors here are the erection space re- 
quired, the weight of the engine per 1 HP and easy 
installation of the engine. When considering the 
weight of the engine it is necessary to work out a 
favourable ratio bétween the smallest possible weight, 
the costs of materiels and production. The expedient 
of using expensive materials is resorted to only in 
the case of rapid speed engines intended for special 
purposes. 


There are several ways of increasing the output of the 
individual engine type groups. Increasing of the engine 
speed does not come into consideration because of 
the previously determined maximum figure of the 
engine speed on which the life of the main component 
parts and the reliability of the engine in operation 
depend. An alternative solution would be to increase 
the mean effective pressure. In this respect arrange- 
ments have been made to enable standard engines to 
be supercharged by means of trubo-blowers driven by 


exhaust gases. The rated outputs of the standard 
engine types are increased by as much as 50% if a 
supercharger is employed. This increase of engine 
output makes the output range of @ particular engine 
type group wider and moreover the higher output 
is reached without a corresponding increase of the 
dimensions and weight of the engine. From the econo- 
mical point of view, there is the advantage of a re- 
duced fuel consumption by about 7% in the full 
range of output of the supercharged engines, as can 
be seen from Fig. 2., where for the sake of comparison 
there are shown the characteristic fuel consumption 
curves depending on the output of the type 6S 275 
engine, supercharged as well as not supercharged. 


The service life of supercharged engines in compari- 
son with that of non-supercharged ones remain the 
same. 


The superchargers applied with the engines are of 
Czechoslovak origin. 


In their output the supercharged four-stroke engines 
are superior to the non-supercharged two-stroke engi- 
nes the output per one revolution of which is 
higher as can be seen from the working cycle. 


With Czechoslovak Diesel engines used for statio- 
nary and marine service an increase of output by some 
50% by means of supercharging is applied. A further 
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Fig. 2. Diagram of Fuel consumption per power unit plotted 
against output of standard type 6 S 275 and that of 
supercharged 6 S 275 PN. 

Marks: Pu/kg/sq. cm=effective pressure, S/g/kh=fuel 
gor sewn, ed per hour 

N/k/=output 


increase of output lays higher demands on the 
internal load and servicing of the engine. Fig. 3-4. 


A certain disadvantage of using supercharged Diesel 
engines for direct drive of the propeller in marine 
service is that a relatively high output is transmitted 


Fig. 3. Type 6 L 275 PN marine Diesel engine supercharged. 








Fig. 4. Type 6 S 275 PN supercharged industrial engine 
coupled with an alternator. 


to the propeller at high speed. The excessive number 
of cylinders also exerts an unfavourable influence as 
it does not permit operation of the engine at full speed. 
For this reason often not even the highest speed of 
the engine is utilized. It is advisable, therefore, to 
use indirect drive of the propeller or to reduce the 
number of revolutions behind the engine flywheel. 


The noise of supercharge engines has keen suppres- 
sed to such an extent that it is no more intense than 
that of non-supercharged engines. 


With smaller engines air is often used for cooling 
of the water and lubricating oil, by employing ra- 
diators with enlarged surfaces of the cooling fins 
located next to the colling air inlet. With larger 
engines water is mostly used as a cooling medium. The 
cooling water passes first through the lubricating oil 
cooler, then through the engine towards the water 
discharge, or it flows through the engine in a closed 
circuit with which the radiator is interconnected. This 
method of cooling is generally used in such instances 
where only hard water is available, which causes clogg- 
ing of the engine water spaces with scale. 


In the case of the stationary type of engines circu- 
lation of the cooling water is effected by centrifugal 
pumps driven either directly from the engine crank- 
shaft or from another source of power. The direct 
reversible marine engines are equipped with two-cylin- 
der water pumps fitted on the front engine cover, one 
cylinder being used for the circulation of cooling water 
and the other for circuletion of the water from the 
river 2s & bilge pump. 


The cooling water is distributed to the individual 
engine cylinders by the cooling water manifold. The 
cooling water is led from the upper part of the engine 
crankcase incorporating the cylinders to the cooling 
spaces of the cylinder heads, from where it flows to 
the watercooled exhaust manifold, whence the water 
is either discharged or, if the circulating cooling system 
is applied, is conducted to the radiator. Direct rever- 
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Fig. 5. Diagram of equipment for utilization of waste 
heat of Diesel engines. 

Marks: 1) Engine, 2) Heat exchanger exhaust gases- 

» 3) ae 4) Condenser, 5) Water tank 


water-type. 
: 6)Cooler-Lubricating oil-wter-type, 7) Lubricating oil 


tank, 8) Electrode-type level regulation, 9) Tempera- 
ture control, 10) Float-type level control 
A/ Steam extraction B/Warm water extraction 


C/Discharge, D/Signaling equipment 


sible marine engines are built in sizes having a mi- 
nimum cylinder bore of 275 mm. 


Inlet air wet filters are used if the engine is to operate 
in especially dusty surroundings. All types of engines 
are provided with sufficiently dimensioned fuel filters 
and lubricating oil filters. 


With engines of upto 160 mm cylinder bore block 
type injection pumps combined with mechanical 
governors are used, whereas independent indirect 
governors controlled by pressure oil are applied with 
engines having a large cylinder bore diameter. These 
governors enable achievement of the permissible cyclic 
variations of the engine run. 


The cylinder heads of engines having a cylinder bore 
of 110 mm incorporate a turbulence chamber formed 








Fig. 6. Type 6 S 275 industrial engine coupled with an 
alternator. 


in their inside. All the other engines are of the solid 
injection type. 


The cylinder heads of all engine types are designed 
separately for each cylinder, an arrangement which is 
of great advantage should it be necessary to replace 
them. Engines with a cylinder bore of up to 110 mm 
are started by hand in the case of low number of cy- 
linders, wherezs the multi-cylinder engines are equip- 
ped with electric or pressure air starting. The engines 
of bigger capacities are started by pressure air only 
by means of pressure air receivers supplied with the 
engine as standard equipment. 


Charging of the air receivers is carried out by one 
cylinder of the engine in the cease of smaller engines. 
This cylinder operates 2s an air compressor and is 
equipped with a charging valve fitted on the head of 
one of the cylinders: with the bigger engines, especi- 
ally marine types, en air compressor driven directly 
from the engine crankshaft is used. The bigger station- 
ary types of engines are equipped with an cuxiliary 
charging air compressor with separate drive, installed 
in machine room. 


The engine blocks of all types of engines are made 
of cast iron and consist of two parts. The upper part 
of these blocks incorporates the cylinder liners insert- 
ed in a water jacket and sealed by copper rings on the 
bottom. Between the cylinder liners and the engine 
block walls a cooling water jacket is formed. The 
bottom part of the engine block of engines with a 
cylinder liner bore diameter of 110 mm forms a lubricat- 
ing oil sump, whereas with the bigger engine types a 
special oil sump is provided outside the engine body. 


The lubricating system is of the forced system type. 
The lubricating oil is distributed to the main bear- 
ings of the crankshaft, from where it is forced to the 
connecting big and bearings through the bored crank- 
sheft. The connecting rod shank of the smaller engines 
is bored, whereas that of the $#rger engines is provided 
with a delivery pipe leading to the connecting rod 
small end bearing by means of which the lubricating 
oil is forced in order to ensure lubricating of the gudge- 
on pin. 
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Fig. 7. Type 6 S 350 industrial engine coupled with an 
alternator, installed in machine room. 


The crankshaft of engines of a cylinder bore of up 
to 110 mm is fitted in the upper part of the crank case. 
On the other hand, the crankshaft of the larger engine 
types is fitted in the bottom part of the crankcase. In 
both instances the cranksheft is fitted to the crank 
case by means of the bearing shell covers. 


The connecting rods are forged of steel. The con- 
necting rod big and bearing is of the split type and pro- 
vided with shims for adjustment of the bearing clear- 
ance, white metal cast. The connecting rod small end 
bearing is not split and is provided with a bush made 
of bronze. 


The connecting rod shank consists of two parts be- 
tween which are inserted the shims by means of which 
adjustment of the combustion space can be carried 
out. 


The pistons of all engines, except that fitted in the 
type S 525 engine, are not cooled The pistons used in 
the S 525 engines are cooled by lubricating oil. 


There are large windows on both sides of the crank 
case enclosed by covers which serve for checking the 
crank mechanism and bearing. 


The Diesel engine of up-to-date design operates at 
a thermal efficiency of 35-40%. This means that only 
35-40% of the total heat supplied to the engine in the 
form of fuel is exploited. The effort to attain a further 
increase of economic operation has led to utilization 
of the waste heat produced by Diesel engines and 
absorbed by cooling water and exhaust gases for in- 
dustrial purposes. 


The equipment for exploiting the waste heat itself 
is to a considerable extent automatically controlled so 
that it does not require any special servicing. Ex- 
ploiting of the waste heat has been effected by applying 
a low pressure steam system. A diagram of this equip- 
ment can be seen in fig. 5. This system is based on 
forced cooling of the engine by pressure water ata 
temperature exceeding 100°C 


The water of the primary circuit discharged from 
the engine is additionally warmed in the heat exchan- 
ger of the exhaust gas and water system and, after 
reduction of pressure by throttling, is injected into 
a special evaporator. A part of the water evaporate 
in the evaporator, which results in cooling of the rest: 
of the water volume, which is delivered back to the 
engine cooling system by means of the circulating 
water pump. 


The evaporated wateris periodically replenished in 
the evaporator by a feed pump which is controlled by 
an electrode-type water level regulation. The develop- 
ed steam is extracted by heat consuming equipments 
and the surplus volume of steam is admitted into the 
auxiliary condenser through the safety velve. The 
cooling water of the second circuit flows through the 
condenser. Should industrial water be used the con- 
denser operates as a heater for which purpose the 
temperature of the discharged water is set by a con- 
trol valve. Occasional losses of water are compensat- 
ed by additional treated water flowing from the softe- 
ner through an overflow valve to the tank. The 
required pressure of developed steam is limited by the 
admissible pressure prevailing in the engine water 
jacket. Therefore the lowest pressure in front of the 
throttling element must be higher than that corres- 
ponding to boiling point at the temperature of the 
water discharged from the heat exchanger of the ex- 
haust gas and water system. The equipment based 
on the development of low pressure steam complies 
with the requirement of the highest possible thermal 
value of the obtained heat by its simple design and 
automatic control. 


In view of the distribution of thermal energy and 
economic dimensions of the heat consuming equip- 
ments, the steam system is very convenient. A total 
efficiency cf 70-75% can be achieved by means of this 
equipment, the application of which is especially 
advantageous in industrial establishments where 
Diesel engines are employed as sources of power, the 
heat produced by them being utilized during their 
operation. It is also intended to introduce the utilza- 
tion of waste heat in marine service. 


It can be affirmed, in conclusion, that the Czecho- 
slovak Diesel engine industry manufactures in serial 
production a sma]] numter of types meeting the widest 
requirements of consumers. These engines have been 
designed with a view to keeping maintenance costs 
down and affording easy service, this being facili- 
tated, as already said, by the introduction ct remote 
and automatic control. 


Detailed research work in combustion processes is 
conducted along the line of small consumption, thus 
tending towards economic operation. Operating 


costs are further diminished by the equipment for 
the utilization of waste heat of Diesel engines, which 
results in an increase of efficiency of thus complement- 
ed engines by 70-75%. 
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CRAINAGE SYSTEM ASYOUT 
ON LEU “row 


Fig. 8. Lay-out of machine room with 3 type 6 S 275 industrial engines. 





The large number of engines supplied to many coun- : 
tries bear witness ta the popularity and satisfactory a BGO com, age — a:84, ok 
‘. Agee ae ec tae : : Stroke 225 mm, Mean effective pressure 6.0 kgs/sq.cm 
properties of C zechoslovak Diesel cage. Average piston velocity at rated engine speed 7.5 m/sec 





Designation of stationary type S 





MAIN TECHNICAL DATA OF INDIVIDUAL NON-SUPERCHARGED, engine 48 16) 6S 160 8S 160 
LOW-SPEED ENGINE TYPES Application marine type L SL SL SL 
Cylinder number — 4 6 8 
Rated speed /1/min/ 1000 1000 1000 
119 pO i iol: Rated output /BHP/ 120 180 249 
Bore mm, Compression ratio 1:16 Max. width of engine /mm/ 820 820 820 


Stroke 150 mm, Mean effective pressure 6. 35 kgs/sq. em 


Average piston velocity at the rated engine speed 7.5 m/sec Max. width measured from engine 


centre line to both sides of engine 

















: Max. height of engine /mm/ 1330 1330 1330 

Designation of engine 18 11028110 38110 48110 68110 Max. length of engine /mm/ 1560 2080 2600 

stationary types 8 : Total engine weight approx. kgs/ 

Application SL SL SL SL SL dbs 1510 kgs 2020kgs 2800 kgs 

marine type L approx. 3240 lbs 43251bs 6000 Ibs 

Cylinder number l 2 3 + 6 

Rated speed /1/min 1500 1500 1500 1500 1500 

Rated output /BHP 15 30 45 60 90 Bore 275 mm, Compression ratio 1:14, 

Max. width of engine Stroke 360 mm, Mean effective pressure 5. 5 kgs/sq. em 

mm / 670 800 800 800 800 Average piston velocity at rated engine speed 6.-m/sec 

Max. width measured 

from engine centre ? > ; ~ . es 
1 line to both sides of Designation of stationary 48 275 68 275 8S 275 
| engine type 8 engine 
Max. height of engine Application 8, L 3; "ap 

mm 1055 1155 1155 1155 1155 marine type L 

Mex. length of engine Cylinder number 4 6 8 

mm 690 785 965 1145 1505 Rated speed /1/min, 500 500 500 

Total engine weight Rated output /BHP, 260 390 520 

approx. kgs/Ibs 280kgs 430 kgs 540 kgs 650kgs 900 kgs Max. width of engine /mm, 1000 1000 1000 


approx. 616 lbs 946 lbs 1188 lbs 1432 Ibs 19841bs [ Continued on page 34] 
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On January 16, 1959, the first reel of aluminium 
conductor made at the new plant of the ALUMI- 
NIUM INDUSTRIES LIMITED at Hirakud was 
handed over by the company’s General Mana- 
ger V. G. G. Nayar to Mr. M. S. Thirumale 
Iyengar, Chief Engineer, Hirakud Dam Project. 


“This reel of cable will be used for taking 
power from Hirakud to Balasore” declared Mr. 
Sailendranath Bhanj Deo, Minister for Works, 
Orissa State, who presided on the occasion. 
Accepting the reel on behalf of the Hirakud 
Dam Project, Mr. Thirumale Iyengar said “con- 
ductors are the life-lines of the transmission and 
distribution networks of a country and they will 
continue to remain so until technological deve- 
lopments progress to such an extent as to make 
conductor-less transmission and distribution 
system possible.” 


The Hirakud plant is the company’s modest 
contribution to India’s ambitious Second Five- 
Year Plan—a plan which has a provision of 
22,000 million kwh. 


Considering we hit Hirakud only on March 27, 
1957—a little under two years ago—we should 
think we’ve really pulled a fast one! 


HANDING IT 
ON A 
PLATTER 


Machinery for the new plant started arriving 
only in April 1958. Work on the wire mill 
began in July, was over in November, and the 
unit is now “on stream”. 


As Nayar handed over the first reel to the 
Hirakud Dam Project Chief Engineer, he said: 
“By handing over the first reel of conductor 
made at Hirakud to you, we symbolically dedi- 
cate the production of this plant and the ser- 
vices that go with it to all our customers in 
Orissa and the neighbouring States.” 





THE ALUMINIUM INDUSTRIES LIMITED 


India’s largest manufacturers of aluminium 
conductors and accessories 
Registered Office: Kundara (Kerala) 


Works at: 
Kundara (Kerala) & Hirakud (Orissa) 


Managing Agents: 
Seshasayee Brothers (Trav.) Private Limited 


Authorised Dealers for covered conductors : 


BENGAL & ASSAM BIHAR STATE 
N. S. Krishnamurthi, 
35, Chittaranjan Avenue, 


Calcutta-12. Calcutta. 


Octavious Steel & Co., 
14, Old Court House Street, 


Orissa STATE 

Orissa Supply Agency, 

Station Road, Cuttack-3. 

Phone: 899 Grams: Agencies 
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Years of experience and research 
are behind the exclusive develop- 
ment of Drayton-Controllers and 
Drayton-Armstrong trouble-free 
Automatic Aijr-Venting Steam 
Traps. Call in a Greaves Engineer 
to analyse your specific application 
and to recommend the particular 
equipment that will save you time 
and money. 


We took over this line recently. All existing 


users please call for service!!! 

















‘trouble-free’ 
STEAM TRAPS 


CONTROLLERS & INSTRUMENTS 


oe DUE 


not so easy 
to trap 


STEAM 


and control 
processes 










Coimbatore > Kanpur + Madras + New Delhi 
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GREAVES COTTON & CO. LTD. 


Ralli House, 16, Hare Street, Calcutta 1. 
Also at: Bombay (HEAD OFFICE), * Ahmedabad - Bangalore 
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M. H. Slocum : World’s Best Dam Man 





The Asiatic Society, Calcutta, the second oldest of 
its kind in the East, presented at its recent annual 
meeting held on 2nd February, the Durga Prasad 
Khaitan Memorial Gold Medal to Mr. M. H. Slocum 
for his “important contribution to Science during the 
last five years’. This formal recognition of the out- 
standing services rendered by Mr. Slocum in building 
the Bhakra Dam in particular and to the cause of 
Science and Engineering in India in general during 
the recent years is well-deserved and has come none 
too soon. Always publicity shy himself, he seldom 
tries to go beyond his limited sphere of work at Bhakra, 
unless he is specifically requested to do so. 


It is for the first time that such unique distinction has 
been conferred by the Asiatic Society on a citizen of 
the U. S. A. This is, however, one more feather in 
the cap of Mr. Slocum who has already received en- 
ough recognition in his own country. He was given 
the annual non-member award of the ‘Moles’, 1 New 
York Association of Tunnel Builders and Heavy 
Construction Men as well as 2n award by the Beavers, 
a similar group in Los Angeles. The Moles’ Award is 
held in highest esteem in the censtruction world and 
in the past has gone to eminent men like ex-President 
Herbert Hoover, Robert Moses and General R. A. 
Wheeler. Peter Kiewit and others of equal status. 


His chief claim to merit and recognition in the field 
of engineering in India lies in his unique services for 
building the mighty Bhakra Dam. This dam is going 
to be the highest straight gravity dam in the world— 
740 ft. This project by virtue of its hugeness and the 
complexity of its various construction features no less 
than its unparalleled irrigation and power benefits, 
has come to occupy a unique position in the develop- 
ment projects of India. It has become the national 
symbol of New India set upon the road of scientific 
and technological advancement calculated to bring 
about material prosperity and well being of the people. 
It has been described by Prime Minister Nehru as 
“Something tremendous, someting stupendous and 
something which shakes you up when you see it”’. 
The glory of Bhakra is bound to reflect the glory of 
Mr. Slocum. He knows it and is proud of it. Infact 


By VISHNU DUTT 


of all the big construction 
works carried out by him 
during the last 50 years of 
his life, he unhesitatingly 
points out Bhakra Dam 2s 
being “the most specta- 
cular one”’ and at thesame 
time ‘“‘toughest and most 
difficult job ever attempted 
in any part of the world”’. 


_ During the last decade 
since Independence, India 


Mr. Slocum 


has received aid in the form of money and technical 
guidance from several friendly countries. Although 
for Bhakra no formal aid has been received on govern- 
mental basis from any country, yet the technical 
guidance given by Mr. Slocum in his individual capa- 
city outweighs any such aid. He has set an example 
of how a great and talented son of a country can help 
another country to build itself. In the words of the 
Indian Prime Minister, “American Ambassadors may 
come and go, but Mr. Slocum has come to stay’. 
Indeed he is writing a splendid chapter of Indo- 
American co-operation in the form of an epic of con- 
crete and reinforcement that will last for ages to 
come. 


Seventy one year old. Mr. Slocum was born in 
National City, California. He is an entirely self-made 
man. He has literally worked his way from the ground 
up. He started his career as a newspaper boy and 
messenger when he was hardly thirteen. Nexthe learnt 
the cabinet makers’ trade and drifted from that into 
structural iron work and then into heavy construction 
work generally which he has been carrying out for the 
last 50 years. He has done almost everything, 
as he says, ‘““From the digging of a ditch to the con- 
struction of a Power House’’. Due to capacity for 
hard work and a natural genius for heavy construction 
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Bhakra Dam at the end of February 1959 


jobs, he rose from the lowest rung of the ladder to the 
highest, that is the head of big construction projects. 
He became the construction boss incharge of building 
Grand Coulee which involved use of about 11 million 
cubic yards of concrete, the biggest quantity of concrete 
ever placed on a single project. Besides, he directed 
the construction of other big dams like the Friant and 
the Bull Shoals, both in America. 


— 


The achievements of Mr. Slocum are highlighted all 


the more when it is kept in view that he never had the 
benefit of education in any regular technical or engine- 
ering institute. In fact, he did not go beyond the 
Villththe Grade. Whatever he has gained or learnt is 
fromthe book of experience and Nature. To Indians, 
majority of whom are illiterate, he holds out a ray of 
hope and progress. His shining example of excellence 
in his own line stands-in sharp contrast to the undue 
emphasis laid on the University degrees in India. 


If you ask Mr. Slocum, how he has been able to 
handle big construction jobs involving highly complex 
engineering problems he feels a little embarrassed and 
is able to give a reply after some hard thinking. He 
would simply say, “This has always*been in me. I 
have been natural boss, a natural executive”. There 
is no doubt that Mr. Slocum is a born genius in his 
own line of Heavy Construction Works. He stands 
with other eminent men of genius produced by the 
world like Sir Issac Newton, Copernicus, Edison and 
Westinghouse none of whom had the benefit of Univer- 
sity or other higher education. 


Perhaps what surprises anyone is nct so much 
his capacity to build, as his ability to prepare correct 
estimates and even to suggest improvements in design. 
This leaves the engineers (of course degree holders) 
wondering at his skill. More often than not, the 
improvements in design suggested by him on the basis 
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of his past experience and intuition, if you like, 
prove comparatively more sound. He may not be 
able to argue and convince the engineers on the basis 
of the known theories of engineering, but all the seme 
his results are there for anyone to see and be convinc- 
ed. He has developed his own way of forming correct 
estimates of the works. He informed me, one day, 
how difficult he had imagined this task of making 
estimates, when he entered the profession. He said 
that he could read the blue prints, alright, but when 
it came to making the estimates, he found himself 
at a loss and looked upon the men who make estimates 
as if they had dropped down from the Moon or the 
Mars. But through patience and hard work, he learnt 
in course of time to make his own estimates. And he 
says that his estimates are so sound and correct that 
anybody in the United States would prefer the “Slocum 
Estimate’”’ rather than any other estimate. 


Mr. Slocum does not conceal the fact that he never 
had the “Book Keeper’s’” mentality. And this is 
perhaps his greatest strength. He has made virtue of 
a necessity. Since he brings to bear on the work in 
hand an approach fresh from life uninhibited by book- 
ish theories, he is able to create things that are com- 
paratively more lasting, effective and economical. 


Since Mr. Slocum has risen from the lowest rung, 
he has been able to assimilate knowledge and ex- 
petience of all types of construction techniques at 
first hand. This has stood him in good stead while 
bossing as head of various construction projects. He 
has proved a successful construction boss because he 
understands the art of doing things efficiently, 
economically and expeditiously. Any construction 
firm highly values.a man who can do the required 
things in the shortest possible time and at minimum 
cost, saving every pie wherever possible. Mr. Slocum 
has always proved the proverbial “Golden hen”; 
only that he has not been killed at the hands of his 
masters. 


It is nct experience alone but sevesal other inborn 
qualities in him that have led him from success to 
success. He has always had in him what he calls, 
“a challenging outlook”, that is, he always had the 
habit of accepting the challenge of things and asking 
himself, “Why can’t F change this thing to suit my 
plans?” This is a quality that every man of genius 
inherits in him. 


Another outstanding quality is his great sincerity 
and devotion to work. He once said that he believes 
in the Biblical saying, ‘“‘To thine own self be true”. 
He has never tried to deceive anyone, not excepting 
himself. That is why people have faith in him, in his 
capacity to deliver the goods in time. 


He is an unsparing critic of himself. He says that 
whenever he happens to go wrong he does not hesitate 
asking himself the question, ‘You stupid! why did you 
do that?’’ and then he changes his couse accordingly. 
His whole philosophy of life may be summed up in 
his words, “‘My respect for my fellow human beings 
is in ratio of how well they perform their self imposed 


moral obligations of their allotted tasks”. Those who 


have seen him work at Bhakra Dam know how devot- 
ed and sincere he is tc his work. More than money 
and comfort, he cares for the job. Although, according 
to the terms of his agreement he is required to work on 
the site for 4 months only and draw the full pay for 
the whole year, yet of his own accord, he has stayed 
upto 8 or 9 months in a year, helping and directing the 
construction of the dam. 


He is very hardworking himself and a hard task- 
master, too. All those who work with him know this 
and it is not easy for everyone to get along-with him. 
He cannot put up with any nonsense like delay, pro- 
crastination, and red-tapism which holds up the pro- 
gress of work. He is very keen and anxious to see 
that the schedule of progress is strictly kept up. He 
often points out the futility of the elaborate system 
of accounting and office routine prevalent in India 
which, according to him, needs to be simplified and 
modified a good deal so as to ensure smooth working, 
efficiency and speed. In his opinion, the number of 
2000 persons engaged in the office routine work at 
Bhakra is on the high side and that it could easily be 
reduced to 1/4 th or even less to help carry on the work 


properly. 


Living in a small house provided with the barest 
furniture, he leads a simple and austere life. He has 
hardly any social contacts. But he does not live like 
that always. He loves to live like a hermit only when 
he is bossing the construction work. Otherwise he likes 
all the good things of life as much as the next man, 
And, in this, he is a typical American. 


Though’ seventy one years old, he is energetic 
and vigorous like any young man. He gets up early 
in the morning and before the sun rises beyond the 
hills, he is already at the dam site. Always driving 
his car himself, he goes about inspecting the various 
things that need his attention and he gives the neces- 
sary instructions to his associates and assistants 
much in the same way as a General would do on 4 battle 
field. From Nangal, the base camp, the dam site is 
8 miles. Enroute, he would stop his car and give a 
free lift to any passerby who raises his hand. 
He likes to distribute toffies to young urchins that 
cluster round his car. 


The high salary paid to Mr. Slocum has often 
been the subject matter of public criticism in India. 
However, the criticism is not justifiable. He is paid 
Rs. 11,000 per month, income tax free. This amount, 
though large as judged from Indian standards, is by 
no means high when compared with American stan- 
dards. In fact he had been offered.as much salary by 
some American firms but he has refused to take in 
hand any other big assignment so long as he does not 
see Bhakra Dam through. 


The charge of exorbitant payment loses all signifi- 
cance when one takes into account the invaluable 
services rendered by him towards the construction of 
the dam. In fact, we can hardly repay the debt we 
owe to him. 




















ce nae SRN 


Every country in its early stages of development 
has had to take the help of foreign experts to plan 
and execute various Jovian schemes. India 
is no exception to this. She launched on her mighty 
River Valley Development Schemes during the first 
Five Year Plan. She had never built before any high 
dam. She lacked experience to tackle a mighty and 
complex dam like Bhakra—the highest of its type in 
the world. Mr. Slocum was the right type of man who 
having been @ practical construction expert could 
supply the much-needed experience and we were 
fortunate that we could avail of his services. 


At Bhakra the work had been going ahead with 
the construction of the two huge diversion tunnels, 
roads and township, but all in a haphazard fashion. 
In fact there was no clear cut picture of the work as a 
whole. It needed an experienced master mind like 
Mr. Slocum to plan the whole thing and to go ahead 
with the construction work in 2 systematic and confi- 
dent manner. When he arrived on the scene in 1952, he 
visualised the whole thing with one sweep of imagina- 
tion. He gave the construction plans in which he poin- 
tedout the correct places where such important things 
as the railway line, rail-cum road bridge. the various 
plants for making concrete and the yard for keeping 
stores and equipment and field workshops for repair- 
ing and servicing the machinery could be established 
so that the construction work was facilitated and pro- 
ceeded without interruption. Referring to this plan, 
the previous Indian General Manager of the Project 
Shri S. D. Khungar has given him the highest tribute, 
“Tf you had done nothing else but prepared the Con- 
struction Plan of the dam, you would haye rendered 
a signal service to the Project. This plan has been 80 
ably conceived and executed that the whole thing goes 
on smoothly and people marvel how such @ big work 
goes on without so little fuss”’. 


The designing and construction of a huge Construc- 
tion Plant for making concrete—the material that goes 
into the making of the dam, is one of his outstanding 
contributions to the project. This plant consisting of 
a 5 mile long conveyor belt for transporting sand and 
stones, a huge Screening Plant for automatically 
washing and sorting out sand and stones of four differ- 
ent sizes, @ Cooling Plant where the stones are chilled 
in ice water and Batching and Mixing Plant where all 
the ingredients are automatically weighed according 
to the prescribed formula and mixed so as to give 
about 600 tons of concrete per hour, is one of the best 
plants of its kind in the world. This is based on the 
model of a similar plant used by him on the Grand 
Coulee Dam and other projects. With the help of this 
plant, the speed of making concrete has been expedi- 
ted twelve times and the cost reduced to about 1/3rd 
of that produced by the conventional methods in vogue 
in India. 


Mr. Slocum looks after the day to day construction 
of the dam. He is officially designated as the “‘Direc- 
tor of Construction’’. In his own words, his job is 
“to organise, deputise and supervise’. He supplies 
the working plans and the schedules of progress of the 
works. 
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Although designing is not considered his domain 
because he is not a graduate engineer, and the prob- 
lem of design are referred to a Consulting Board of 
which he is a member and consists of distinguished 
Indian and American engineers, he has suggested 
certain improvements in the design of the dam. Some 
of his important suggestions, already accepted, are 
the provision of an overflow spillway instead of the 
inclined spillway tunnel to take away the surplus 
flood discharge, the change of the design of sluice 
gates from the “‘drum type to what is known as ‘“‘Tain- 
ter” type, five power units instead of 8 as originally 
designed in the Right Power House. Again it was on 
his suggestion that the height of the river outlets 
in the dam is sought to be raised by 10 ft. so that the 
storage of water in the Reservoir will be increased by 
several theusand acre feet which will be a permanent 
addition to the irrigation supplies. These and other im- 
provements in designs have contributed greatly to the 
economy and safety of the dam. 


Mr. Slocum is frank enough to say that not all his 
suggestions are accepted by the Consulting Board 
which after all, as he says, consists of high degree 
holding engineers who consider with hesitation the 
suggestions made by an uneducated man like himself. 
Although he sometimes finds himself in a rub with the 
Board, he does not give up the hope of getting his 
points accepted someday. He confided to me that he 
already has some suggestions for which he would go on 
fighting with the Consulting Board till something 
comes out. 


Mr. Slocum is responsible for introducing the latest 
technology and most modern machines and plants. 
Apart from the highly automatic Batching and Mixing 
Ptant for producing concrete and big cranes having 
165 ft. long booms for placing buckets of concrete in 
the dam, big shovels of 5 cubic yards capacity, Euclid 
trucks of 25 tons capacity and a number of bulldozers 
and tractors have been employed as part of the earth 
moving machinery. Bhakra Dam is the most mecha- 
nised project in India and compares favourably with 
similar works in any of the highly industrialised coun- 
tries of the West. It was said of Socrates that he 
brought philosophy from Heavens to dwell on the 
earth, it may be claimed for Mr. Slocum that he 
brought latest concrete technology from U. S. A. to 
India. Having been the Head of Construction Projects, 
he has a keen eye for saving money wherever possible. 
He has given a good account of this ability of his at 
Bhakra. At his instance, the locally available raw 
materials have been put to their best use. For example, 
Shale after being suitably processed, has been found 
to be a good substitute of cement upto 20%. This 
new substence termed as “‘Pozzolon’”’ has resulted in 
considerable saving. The idea of combining the two 
varieties of finds from the aggregate deposites of 
Neilla and Fatehwal so as to give a balanced aggregate 
consisting of both fine and coarse elements, has 
originated from him. This has saved the Indian 
engineers the botheration of having to resort to large 
scale screening at either place to get the desired 
quantity of aggregate. 
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Again Mr. Slocum is largely responsible for ensuring 
that the project is self sufficient so far as possible in 
all its mechanical requirements. Thus the workshop 
at Nanga! which is the biggest in the Punjab State 
fabricates all its heevy structures not excepting 
the 15 ft. diameter penstocks made of 1.7/8” thick 
steel plates—e work that has been done for the first 
time in India. It has its own Oxygen and Accetyline 
Gas preducing plents, the Tyre-retreading Plants and 
arrangements for moulding even some spare parts of 
machinery used on the project. 


If an effort were made to estimate the amount that 
will be saved as a result of the various proposals 
made by Mr. Slocum to improve the design, the work- 
ing of machines, the use of raw materials and the 
technology, it will run into several crores which is by 
far greater than the total wages that would be paid 
to him. 


However, apart from building the dam and its 
strictly economic value, there is yet another advantage 
which is.of lasting importance and is hard to be equat- 
ed in terms of money. It is the valuable experience 
and training that 400 engineers and 10,000 skilled 
workers have received while building the dam. They 
have been trained in the various trades and techniques 
of dam construction for the first time in their lives. 
They constitute the nucleus for training other engineers 
and workers for building dams. This has set in motion 
a process for India to become self-sufficient in the 
art of dam construction. This is a big achievement 
and the credit for its goes to Mr. Slocum and his team 
of American experts who have come forward to train 
and help the Indians ungrudgingly at all times. The 
success of a teacher is judged by the quality of his 
pupils. Judged from this standard Mr. Slocum has 
achieved his purpose. Barring 9 Americans, the 
entire work on the project is now being carried on by 
Indians. Mr. Slocum himself has been agreeably 
surprised at the aptitude of the Indian workers to 
learn skilled jobs. He has often remarked, ‘““Bhakra 
employs the least number of foreign engineers than 
any other project in this part of the world”, and 
probably on any other so termed Foreign Projects. 


There has been a perceptible change in the habits 
and ways of working of Indian engineers and workers 
as a result of their contact with the American techni- 
cians. This change in the realm of the spirit and mind 
is far more important and lasting than the mere physi- 
cal change. At Bhakra, the Indians have been in- 
troduced to the new “‘philosophy of machine” and as 


Mr. Slocum says, “They have learnt the greasing 
technique for running the machines which was not 
necessery in the basket and donkey method used in 
the past. This is a change of vitel importance to a 
nation like India standing on the verge of an industrial 
revolution’. 


Even @ casual visitor to the Bhekre. Dam will not 
fail to notice that the work there is being carried out 
with a difference. Everything is done in a neat clean 
end orderly manner. There is proper planning and 
organisation. The workers dressed in their proper 
working uniforms go about their job in a disciplined 
manner without any shouting, which by the way, is a 
necessary accompaniment of all big jobs in India. 
The engineers clad in their Kheki look just like workers 
and they remain full 8 hours on the site doing job 
with their own hands. They are no longer the “Babu 
Sahibs”’ of old whose only job was to shout and give 
@ few commands here and there. What a remarkable 
and healthy change! Thanks to Mr. Slocum and his 
team, the dignity of labour has been rehabilitated in 
India where the white-collared jobs still carry lot of 
importance and prestige. ; 


Mr. Slocum has been aptly described as the “Best 
Dam Man in the world’. He has served and is still 
serving as Advisor to various Governments. He is 
truly an international figure whose knowledge and skill, 
overriding the barriers of race or nation, has been 
utilised for harnessing the overturbulent rivers into 
the service of mankind. This man of steeland concrete, 
who in his life time is responsible for having placed 
25 million cubic yards of concrete, 5 million tons of © 
steel and carried out about 100 million cubic yards 
of excavation, is the 20th Century hero who has 
challenged Nature for a life long campaign against her 
rugged mountains and the roaring rivers. With a 
prominent nose, thoughtful eyes and high, rather nar- 
row brows, he is the very picture of a General always 
dreaming of new conquests. He thinks that even the 
biggest rivers of the world like the Amazon, the Yangt- 
ze Kiang, Congo, Zambezi, Parana-Riodole Plata, 
the Ganges, the Brahmputra, the Indus, the Nile, 
the Volga and the rest will be successfully dammed. 
He hopes that a day would come when all the 
rivers of the world will be properly harnessed. He 
says, “The future of the mankind is irrevocably tied 
to what he does with the available supply of-water. 
With proper control of water, the earth might support 
ten billions of people in comfort, it is now supporting 
two and a three quarters billions only’. May he live 
long to realise this dream. 
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Technical Notes & News 


Applications of Electric Furnace in the 
Steel Industry 

For several years before the world war IT only alloy 
steels or special steels were being manufactured in 
the electric furnace. But after the war large furnaces 
for the production of steel with capacities of 100 to 
200 tons and power demands of 30000 to 40000 kVA 
have been constructed in Europe, America and USSR. 
The-production figures were in 1957 as follows ; 
U. 8. A. 7. 7 million tons, USSR 4 million tons, 
Italy 2.5 million tons, W. Germany 1.4. million tons, 
U.K. 1.2 million tons, Sweden 1.2 million tons and 
France 1.1 million tons. 


The processes have been so improved that they can 
favourably compete with open hearth furnaces and 
oxygen blown converters for all commercial grades of 
steel. A special advantage is close control at all stages 


of production, flexibility and a high degree of availa- . 


bility and cleanliness. A 75 ton furnace can produce 
15 tons of steel per hour with 20000 kVA power input. 
The economics of electric steel production are influenc- 
ed by capita] cost as well as energy cost. To produce 
250000 tons in two electric furnaces of 80 tons each 
the cost will be 50% of the cost of three open hearth 
furnaces of 120 tons each. In actual practice the cost 
of producing 150000 tons of steel with three open 
hearth furnaces is 80% more than with two electric 
furnaces. The cost of energy plays an important part 
in the economics especially as compared with open 
hearth furnaces which have a highly integrated heat 
balance and a good heat using factor. Special steels 
will require 750 kWh per ton and commercial steels 
about 550 kWh/ton. The cost of energy is estimated 
at £2-6-0 per ton if the rate for energy is about one 
penny pert kWhr. Electric smelting becomes more 
economical with a high load factor and low energy 
rates. By proper slag control and improvements in 
methods of charging, the economy of the electric 
furnaces is improved. 


The operation of electric furnaces depends upon 
the fact that when electricity passes along any path, 
a certain proportion of the electrical energy is conver- 
ted into heat energy in proporticn to the resistance 
offered by. the path traversed by electricity. The 
original simple types of furnaces were of the resistance 
type whereby the passage of electricity through a 
conductor whose resistance ensures the conversion of 
the required amount of energy into heat. They were 
generally used for melting baths at temperatures 
ranging from 1000°C to 1600°C. Nickel chromium 


were used for lower temperatures, and silicon carbide 
for higher temperatures.. Platinum and molybdenum 
resistors were also employed in special cases for batch 
processes. 


For melting steel and manufacturing special steels, 
the are furnace has found wide application. Various 
designs have been patented in different countries, 
but the general principle adopted is to convey a heavy 
current through graphite or carbon electrodes to the 
material to be melted and maintain it at the required 
temperature until the reactions to produce the 
specified quality of steel are completed. Modern 
furnaces are of the three phase type and have capa- 
cities of 30000 kVA tc 50000 kV A and sizes of 200 tons. 
These furnaces are now equipped with all mechani- 
cal devices and automatic controls to improve their 
efficiency and make them competitive with open 
hearth furnaces. The roofs of the furnaces are 
movable and the walls of brick lining are sectionalised . 
to facilitate easy maintenance. The load is kept steady 
to make the reactions uniform, by means of electrode 
control devices and regulators of current and voltage. 
Some electrodes weigh nearly 15 tons and carry up to 
50000 amps. The special type of self baking electrodes 
makes for greater economy and self sufficiency of the 
plant so long as the raw materials of the electrodes are 
easily obtained. - 


In recent years the application of arc furnaces has 
been extended to the production of pig iron directly 
from the ore as in Norway, Sweden and in India. They 
are of very high capacities and can produce 500 or 1000 
tons per day. The economy of the. process has been 
improved by the recovery of the gases and other valu- 
able ingredients from tar. Even the slag has been utilis- 
ed for cement manufacture and other purposes. 


Other types of furnaces such as the induction type 
have been applied on a fairly large scale in the steel 
industry. They are either of the mains frequency type 
(50 or 60 C/S) or the high frequency type 1000C/S. 
The mains frequency furnaces are simpler in design 
and require no motor generators or electronic oscil- 
lators for their power supply. The principle is that: of 
a transformer in which secondary coil is the molten 
metal. The primary coils are formed by copper tubes 
water cooled. They are made up to 4tons capacity for 
all ordinary purposes. As they are applicable to 
non-ferrous industry they are used on a large scale 
to melt various metals and form useful alloys. In 
steel melting the rate is about 15 cwts per hour and 























Parallel developments include technical collaboration with The 
Babcock & Wilcox Company, of America, which is responsible for 
many important nuclear advances in the U.S.A., especially in the 
field of water-cooled reactors; it has for example been awarded 
the contract for design and supply of the complete propulsion 
plant of the first nuclear merchant ship ‘‘Savannah’’, now under 
construction. 


This combination of knowledge and experience enables 
Babcock & Wilcox Ltd. to design and develop nuclear 
plant and components for either gas-cooled or water-cooled 
reactor systems; and they are currently engaged in 
such developments, in collaboration with shipbuilding 
interests in Great Britain. 


Sectional view of pressurized-water 
reactor assembly for N.S Savannah 


BABCOCK 


Nuclear Power Plant ' 


BABCOCK & WILCOX OF INDIA (PRIVATE) LIMITED 


! & 3, BRABOURNE ROAD, CALCUTTA. 16, QUEEN’S ROAD ESTATE, BOMBAY. 
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energy consumption ebout 600 kWh per ton. In 
moderate sizes such a furnance is about 30% more 
economical than other furnaces. The capital cost of 
mains frequency furnaces is nearly 50% of the cost of 
high frequency furnaces of equal capacity. The 
original patents were by Kjellin and Ajax Wyatt but 
later modifications have been built in various coun- 
tries. Quite e large number of these have been install- 
ed in India for non-ferrous metals. 


The high frequency furnace works on a similer prin- 
ciple but there is no iron core between the primary ¢c ils 
and the molten metal ring. The primary windings are 
made of water-cooled copper tubes but the secondary 
is the metal contained in a crucible around which the 
primary coils ere wound. Energy is supplied at 1000 
C/S or more from a special motor generator set or a 
valve or electronic oscillator. The high frequency 
current in the primary coil produces a strong magnetic 
effect in the metal which heats it and then at certain 
temperature eddy currents are produced by thé elec- 
trostatic field. The power factor is usually 30-40% 
and should be corrected by the installation of suitable 
capacitors. The furnaces are built up to 10 tons 
capacity and are applicable to highly alloyed steels, 
special castings and ingots. The melting cycle is about 
60-90 minutes. Even a small furnace of 1 ton capacity 
—600 kW—produces about 130 tons of alloy steel 
pet week of 7 days, continuous service. As a melting 





furnace, it is specially suited to produce low carbon 
steels. Although the capital cost of a high frequency 
furnace is high due to the use of motor generator 
sets, and different types of oscillators to produce the 
high frequency, the melting cost is comparatively 
low. The energy cost is higher than in the case of an 
are furnace, but there are no electrode costs. The 
wear and tear of the furnace lining and its mainten- 
ance cost is lower then in other types of furnaces. 
Less skill is required for.the operation of this type of 
furnace than the mains frequency furnace. A good 
quality of the product can be maintained consistently 
in this furnace. Some high frequency furnaces even 
of 1000 to 3000 kW are in operation in U.S. A., U. K. 
and in the Scandinavian countries. In India the 
application is in the melting of cupronickel alloys for 
coinage. More application in the steel industry is 
expected. 


Wherever electricity is fairly cheap as in USA, 
Canada, USSR, Norway, Sweden and in some parts 
of India, the electric furnace is well adapted for the 
steel works and also in non-ferrous metal industry. 
Further improvements will definitely bring the electric 
furnace into prominence in the metal industries. A 
careful study of the requirements will pay in the 
long run. 


B. K. R. PRASAD 


Plans for Britain’s First Nuclear Ship 


The project submitted by Babcock & Wilcox 
Limited at the invitation of the Civil Lord’s 
Committee, which will determine the type of nuclear- 
propulsion plant to be edopted for Britain’s first 
nuclear propélléd surface ship, is for plent incorpore.- 
ting 2 reactor of the pressurized-water type. 


This is the type of reactor that bas been adopted 
for all nuclear ships being built or already in service 
and is the only type with which constructional and 
operating experience under seagoing conditions has 
already been established. 


The Babcock & Wilcox reactor plant though basi- 
cally similar to that now in 2n 2dvanced state of cons- 
truction by the Babcock & Wilcox Company, of 
Americ2, for the N. 8. Savannah, world’s first nuclear 
propelled merchant vessel, is designed for a power 
output 2} times as great as that for Sevannab, within 
only 20% more space, which figures are in them- 
selves a striking indication of the intensive develop- 
ment of this design by Babcock & Wilcox Limited. 


In presenting their project to the Committee, 
Babcock & Wilcox engineers emphasized that the 
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case for the adoption of the pressurized-water reactor 
rests upon actual marine experience, on its simplicity 
and robustness, its proved performance and safety, 
and its promise for future development. 


Safety and reliability at sea is of paramount impor- 
tance, and every possible combination of natural 
hazard, component failure and mal-operation has 
been investigated, and several lines of defence provi- 
ded for dealing with emergencies. 


Babcock & Wilcox bring to this field over ten years 
experience in both land and marine nuclear engineer- 
ing, including major contributions to the design and 
construction of Calder Hall, Chapelcross and Hinkley 
Point atomi¢ power stations and ccllaboration on 
nuclear-propulsion studies with British shipbuilding 
interests. 


As a result, their organisation is now exceptionally 
well equipped with research, engineering and produc- 
tion facilities, including much specialized machinery, 
and actual flow-production lines devoted to the large- 
scale manufacture of nuclear power plant. 


In addition, their long period of technical colla- 
boration with the Babecck & Wilcox Company of 
America has been extended to the nuclear field, in 
which the American Company holds a leading position. 


Babeock & Wilcox Limited therefore contend that 
they are in the position to undertake new, at a firm 
price, the design and manufacture of a proven and 
reliable plant with the required output guaranteed, 
which could be at sea by the end of 1962, and 
furthermore the plant could be n anufactured wholly 
in Britain and most of it by Babcock & Wilcox 
Limited in their works at Renfrew, and Dalmuir. 


In a pressurized-water reactor plant, ordinary 
water is used as the reactor-coolant and also as the 
moderator of the fission-process. Raised te a high 
pressure and temperature by absorption of heat from 
the reactor core, this water is circulated through heat 
exchangers which generate steam to drive conventional 
turbine propulsion machinery. The fuel is enriched 
uranium, and the fuel elements are of a type for the 
manufé cture ¢f which the necessary information, tech- 
niques and experience are available to Babcock & 
Wilcox in Great Britain. 


The pressurized-water reactor system is basically 
simple, robust, safe.and inherently stable in operation. 
In the Babcock project great attention has been paid 
to requirements of safety from all aspects e.g. 


1. It is so designed that there will be natural 
circulation in the event of a pun p failure. 


2. The large water-capacity of the boilers allows 
adequate time for emergency action by provid- 
ing a ‘buffer’ between the requirements of reactor 
and turbine. 


3. Ample provision has been meade against any 


genere boiling cf the coolant; which could — 


result in instability and formation of deposits 
in the reactor circuit. 


4. The reactor would be capable of cperating con- 
tinuously at full power with as much as 5% of the 
fuel elements in a failed condition; a mest un- 
likely event. 


or 


. The turbines and codensers are completely iso- 
lated frcm the reactor coolant circuit, so pre- 
venting any mutual contamination. 


6. The appropriate water treatment can therefore 
be applied to each circuit and the resulting purity 
of the coolant water minimizes any induced 
radioactivity. Hence approach to plant within 
the containment vessel for maintenance etc. is 
possible within minutes: of shut down. 


7. The strength of the containment vessel is more 
than adequate to prevent the escape of any 
radioactive material in the event of mishap to 
any or all of the pressure parts in the reactor and 
boiler circuits housed within the vessel. 


8. As no special fluids are used, several alternative 
methods can be employed to replenish the cool- 
ant and moderator in the event of an emergency. 


Technical details of the Babcock pressurized-water 
rzactor for ship propulsion. 


Reactor thermal output ... 180 MW. 
Average coolant operating 

temperature ... ... Approx. 500 °F, 
Average coolant operating 

pressure eee 1,750 1b./sq. in. 
Fuel charge (enriched uranium 

dioxide) woe eee Approx. 9 tons 
Evaporaticn whi 616,000 Ib. hr. 
Steam pressure (saturated) 410 1b /sq. in. 
Steam temperature ose 


Containment vessel dimension 42 ft. 6 in. diam. 
Weight of plant Approx. 3,000 tons 
(including reactor, steam-raising 
units, ancillary equipment over- 
ll containments and shielding) 


The enrichment of the fuel charge is in the range 
from 2% to 4%, a range which is influenced by the use 
of either stainless steel or Zirconium for the cladding 
and structure of the reactor core. 


The fuel charge is sufficient for 50C days seagoing 
service at full power before refuelling is necessary. 
This corresponds to 2 to 5 years service depending 
upon the type cf vessel and the length and nature of 
the voyages. 


The weight of the complete plant, i.e., approximately 
3,000 tons, is equivalent to one week’s supply of fuel- 
oil for the conventional boilers of a propulsion plant 
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developing the same horsepower in the same type of 
vessel. 


The heat output of the reactor is designed to produce 
a shaft h.p. of 65,000. 


The cost of the complete plant will depend largely 
on the requirements of any sefety precautions. e.g., 
resistance to shock, and measures to meet special 
port regulations, etc., additional to the many safety 
measures @lready fully embodied in the design. 


Indeed, 2 eonsiderable proportion of the totel cost 
arises from the inclusicn cf wide safety measures, 
based on an exhaustive study of possible requirements, 


in relation both to port regulations and to seagoing 
conditions and hazards. 


The parameters of the design are such that for the 
type and size of vessel envisaged, it is confidently 
expected that overall cost including fuel and opera- 
ting costs will be economically competitive with that 
for a conventional propulsion plant. 


Eventually it is expected that all necessary faci- 
lities for the manufacture of fuel elements will be 
available in Great Britain. The cost of fuel will lie 
between 0.3d. and 0.6d. per s.h.p./hr. depending on 
the type of fuel element employed and the source 
from which it is obtained. 


New Caterpillar Tractors 


Two completely new Caterpillar D8 tractors, both 
possessing increased wight, horsepower and productive 
ability over their predecessors, have been introduced 
by Caterpillar Tractor Company. 


The new machines are the Caterpillar D8 Series 
H direct drive and tofque converter Tractors. 


The introductioh of these new units culminates a 
34 year development program at Caterpiller, to make 
available a bigger, more powerful D8 Tractor, capeble 
of ‘providmg more profitable operation on today’s 
increasingly demanding construction, mining, logging 
and similar 2pplications, 


' The increased size 2nd power of the new units can 
best be seen by comparing their statistics with those 
of the D8s they replace in the Company’s line. Weight 
of the néw direct drive D8 is 47,102 ils., an increase 
of 4.377 over the previous D8. In torque converter 
models, the 47,875-lb. weight of the new D8 series H 
is'4,480 lbs. greater than the old machine. Dimension- 
ally, the newly-introduced D8s are 9 inches longer 
end 5 inches higher than their predecessors. Guage 
has been increased from 78” to 84”. Length of track 
ground contact has been increased from 111-1/2 to 
114-I1/16 inches to provide adequate footing for both 
drewber and front-mounted equipment 2pplicetions. 


The use of double reduction final drive gearing helps 
provide ground clearance of nearly 20” in the new 
units. This represents an increase of more than 50% 
over the previous D8s, giving the new machine the 
greatest ground clearnance in its size class. 


Flywheel horsepower of the new units has been 


increased to 225 from the previous 191, an increasé of 


18%. Drawber horsepower on the direct drive model 
is 180, increased from 155. Torquerise of the new D8 
Series H’s engines has been increased to 20%, which 
provides substantially better lugging ability in coping 
with tough jobs. 


Increased engine horsepower has eome primarily 


from the addition of a turbocharger to the reliable D8 
Engine. Specifically designed to match the new 
tractors’ applications, the new turbocharger under- 
went thousands of test hours on contractors’ job 
sites kefore its introduction on: the new units. Its 
introduction makes zvailable two turbocharged track-: 
type tractor engines in the Caterpillar line, as the 
Series H D8 Tractor joins the. turbocharged Cat D9 
Tractor. ; 


The new engine also has newly-designed manifolding 
to accommodate mounting of the turbocharger and.air 
cleaner. To inerease engine efficiency, the inlet -and: 
exhaust passages within the head have been stream- 
lined, permitting 2 maximum amount of air to enter 
‘each cylinder end reducing back pressure by che fast 
discharge of burned gases. moo 


The underearriage of the new tractor is designed 
to provide 2 new high in strength and durability. It 
has undergone design changes which add to service 
life in hard application, and elso makes use of 
improved materials and special heat treat processes: 
to withstand greater loadings. 


The undercarriage feature probably most meaning- 
ful to the machine owner is the lifetime lubricated 
rollers and idlers, being introduced for the first time 
onthe Series H. D8. These new track ‘rollers, carrier 
rollers end idlers set an industry precedent in that 
after lubrication at the factory they require no further 
attention during their service life. When they are being 
rebuilt, they are again lubricated. This outstanding 
capability is accomplished by completely new face- 
type metal floating-ring seals and rubber rings. These 
new seals, which feature metal-to-metal sealing sur- 
faces, have fewer parts, permit more end play without 
losing effectiveness, and are more corrosion resistant 
than the previously-used. bellows-type seal. Previous 
to the introdection of the Series H. D8, these new 
seals underwent over :3 million hours of job-testing 
to assure their superior performance qualities. 


External changes in the track follers inclade an 
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Caterpillar Series H D8 Tractor 


increase of nearly one inch in rim diameter, with more 
material placed under the load zone. Steel hubs are 
now used in place of cast iron, which reduces bell- 
mouthing and cracking. The increased length of the 
roller,»coupled with the retention of bushing-type 
bearings, distributes tractor weight over greater bear- 
ing area. 


Longer life has been built into tract links by increas- 
ing their height 1/4”, and increasing pitch length 1’. 
The diameter of track pins has been increased from 
1-3/4” to 2” for greater strength. The ends of track 
bushings are new tempered and beveled on their inner 
diameters for longer life. 


The grouser thickness on the new D8 Series H_ has! 
been increased for greater beam strength. Due to 
increased undercarriage clearances, the new D8 Trac- 
tor will accommodate 28-inch track shoes, whereas 
26-inch shoes were the widest possible on the former 
model. This feature increases flotation of the big 
tractor is soft underfotting. The track roller frames 
are of four-piece box-section construction,and the rolled 
steel top and bottom plates are thicker. The diagonal 
braces, in addition to being redesigned for greater 
ground clearance, have been considerably strengthened 
to assure proper track alignment. 


Another new feature of the D8 Series H Tractor is 
the pressure-lubrication of the entire power train 
with completely filtered oil. Engine-type oil (SAE 30) is 
used to lubricate and cool the transmission, bevel 
gears and steering clutches. The compartments 
housing these power train components are intercon- 
nected, forming a common oil sump, which is serviced 
by a two-section pump. Oil from the pump’s front 


New ‘Packaged Power”’ 
Generator , 


A new “packaged power”’ generator built for use with 
gasoline or diesel engines and designed to provide 


section provides boosting of the steering brakes. Oil 
pumped by the rear section is full-flow filtered, after 
which a portion of it is used to actuate the steering 
clutch control, and lubricate the control, bevel gear 
pinion and shaft bearings. The filtered oil flows 
through a water-cooled heat exchanger to a transmis- 
sion manifold which controls pressure lubrication of 
transmission bearings, gears and shafts. ‘The steering 
clutches and brakes are cooled and lubricated by 
operating in the reservoir of oil in the sump. 


Final drive gears and bearings are pressure lubrica- 
ted with completely filtered oil by the use of a newly- 
incorporated final drive sump, oil pump, and filter. 
The use of dobule reduction final drive gears reduces 
loads on all components of the power train. 


A dry type air cleaner, recently made available on 
several other Caterpillar prime movers, is also a feature 
of the engine powering the D8 Series H Tractor. Prime 
benefits of the new air cleaner are improved filtration of 
engine intake air, and reduced maintenance costs due 
to the elimination of oil in the cleaner ang a reduction 
in servicing time of at least 75%. 


The new transmission on the direct drive model is 
directly reversing in all six speeds. Top reverse speed 
is nearly double that available on the previous direct 
drive model.. In addition, the new high forward speed 
has been increased to 6.3 MPH from 5.2 MPH. The 
new transmission has four shafts, rather than three 
as on the previous direct drive transmission, and 
retains the easy-shifting characteristics of constant 
mesh gears. 


Design features to facilitate operator comfort and 
visibility have also been included in the new D8 
Tractor. Steering clutch and governor control levers 
are mounted on a console for better accessibility and 
to provide an unobstructed deck. Operator effort 
is reduced by hydraulically actuated steering clutches 
and hydraulically bocsted flywheel clutch and brakes. 
A foct decelerator, which is standard on the torque 
converter model and optional on the direct drive model, 
provides increased and easier manouverability. 


As further operator convenience, the seat has been 
raised for better visibility, and railroad-type hand- 
grips have been installed to aid in safer mounting and 
dismounting of machine. As a further aid to forward 
visibility, the air cleaner and exhaust stacks have been 
aligned. 


Included among the retained features of the new 
Cat Series H D8 Tractor are the oil-type flywheel 
clutch, live power to the cable control unit, and 
in-seat starting. 


electric power with maximum reliability and minimum 
maintenance has been announced by the General 
Electric Company. 


The new generator features a completely static 
excitation and voltage regulation system which helps 
[Continued on page 37 

















Editorial 


The Ministry’s Report 


We were sad to learn that after several years of 
very useful stay in India, as Chief Engineerof the DVC, 
Mr. A. M. Komora, left this country having completed 
bis term. Mr. Komora impressed not only thoge with 
whom he has worked but also those who have come in 
even temporary contact with him. He is a quiet, 
unostentatious and systematic worker and his inspiring 
example and guidance to Indian engineers have been 
a great boon to this country. In reply to our message 
of bon voyage he writes “I wish to state again, as I 
have done many times before, that my greatest satis- 
faction with the DVC has been in seeing the young 
engineers togother with the operating personnel gain 
experience in constructing multi-purpose piojects 
both economically and expeditiously”. 


We hope that he will continue his link with India 
in many ways in the coming years. 
* > . 


The report of the Ministry of Irrigation and Power 
for the year 1958-59 givesa broad survey of the mul- 
tifarious activities with which the Ministry and its 
various wings are associated. It will not be possible 
to discuss the various aspects of the Ministry’s acti- 
vities during the past year in detail in this short 
space. However, a few remarks may not be considered 
out cf place. 


The negotiations on the Canal Waters dispute have 
now gone on for several years at great cost to both 
India and Pakistan as well as to the World Bank. The 
only negative gain has been that ro damage has been 
caused in the intervening period. It is understood thai 
the World Bank is getting fed up with this protracted 
negotiation and it is quite likely that if this continues 
at the same pace, the World Bank may withdraw its 
good offices and leave us to quarrel and increase the 
tension between the two countries. In view of the 
recent international events it is necessary that a fresh 
outlook is brought to bear on the situation and the 
issue is resolved on % long term baris with the 
co-operative effort of India and Pakistan. We hope 
that goed sense will prevail soon enough. 


The Ministry had appointed a few important com- 
mittees in the past year. One under the Chairmanship 
of Mr. B. K. Gokhale has been constituted to ex- 
amine the organisational setup of the CW & PC. While 
awaiting its report, we might draw its attention to 
two aspects of the problem of resource development 
and planning. It is extremely necessary that a 
close ¢o-ordinat‘on between the administrative wings 
which derl with coal and atcmic energy, and the 


power wing of the CW & PC should be developed. 
It appears at present there is no! enough co-ordina- 
tion and close working of these three aspects of power 
resources. 


Secondly the co-ordination between the irrigation 
wing of the Ministry and the department of agriculture 
and forestry is extremely inadequate. The country has 
gone through the controversy arising out of the in- 
adequate utilization of irrigation waters. There had 
been several causes for this and it may be difficult 
to place the balme only on one group of experts o1 
administrators. The proper lesson to be learnt from 
this is that in future, planning as well as execution of 
water and land resource development should be 
integrated and the various groupsof experts should be 
enabled to work in close co-operation. 


In this context it may be pointed out that while 
large reservoirs are being constructed and thousands 
of miles ot canals are in operation, we are not giving as 
much attention to the aspect of soil conservation and 
afforestation. Even today the minimum area under 
forests necessary for our preservation is not avail- 
able. Meanwhile we have undertaken several projects 
like Dandakaranya, Durgapur and many others which 
will further deplete our forests resources. What impact 
this will have on the reservoirs and <he general con- 
dition of our land resources is welknown to those who 
take serious interest in these matters. We would there- 
fore strongly request the Committee to take note of 
this aspect of the matter, so that the re-organised 
CW&PC is enabled te work in close co-ordination with 
the forestry and agricultural sectors of our adminis- 
tration. 


We have not been able to. understand the exact 
functions ef the adviser for public co-operation at 
the Union level. This has not been explained in 
any of the previous reports. 


It is interesting tc note that field experiments re- 
lating to the use cf acetyl alcohol torestrict evapora- 
tion 'osse: from open water storage and of alkathene 
film to reduce seepage losses from canals were initiated 
by the Chemical and Soil Survey Section of the Silt 
and Material. Directorate. This is an important 
problem as evaporaticn is great due to tropical climate. 


The Hydro-Electric Directorate has even success- 
fully completed tests in operating small hydro 
electric generating units to utilize low heads in peren- 
nial streams in the hilly areas and we shall be looking 
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forward to the resu!ts of the installation of the Mitchell- 
Banki type turbine on the Giri River in Himachal 
Prade h. This will open up new possibilities of 
extending rural electrification faster. In this connec- 
tion it might also be worth following the French low 
head low flow “pocket power projects”’ installed in 
several places. 


The Ministry hasreported that theCW & PC hasmade 
a study of the causes of the low efficiency of the thermal 
power stations in the country. But it gives no idea 
of the results of such a study. It is welknown that ther- 
mal efficiency of modern power stetions are consider- 
ably higher today in the West. We would therefore 
very much appreciate if the results of the study were 
made known to the public as early as possible and steps 
taken to improve the efficiency of cur existing stations 
within the limited possibilities that are sti!l open in 
each case. 


While discussing the report, we might still raise 
another issue. There has been increasing complaints 
from the power consumers, particularly domestic, 
that the rates charged for electricity in the various 
States have been not cnly uneven but also on the high 
side inspite of the fact that the power is now generated 
in bulk in many areas and that itshould have been 
possible to reduce the rates by a substantial margin. 
Unfortunately the authority which is charged with 
the responsibility of controlling the electricity rates, 
is also becoming, for all practical purposes, the pro- 


[Continued from page 20 


ducers or sole distributors of power in many States. 
It is, therefore, necessary that an all India enquiry on 
these questions be instituted and certain principles 
formulated for uniform observance in the evolution of 
electricity tariffs. Asin the USA, the consumers should 
be given an opportunity to plead their case for a lower 
tariff. 


The forthcoming publication giving a consolidated 
picture of availablility and demand for power for the 
whole country upto 1970-71 would be awaited with 
great interest, as this will indicate the possible tempo 
of development visualised. 


Informal meetings with members of the Parliament 
is indeed a welcome step. We would strongly recom- 
mend similar steps at the State level where the basic 
work of planning and execution of projects is mainly 
undertaken. 


The Engineers’ Seminar is now an established in- 
stitution which has considerably helped in toning 
up the outlook of our senior engineers. But unfor- 
tunately the results of these discussions do not ade- 
quately filter down in the engineering profession, Bulky 
volumes 2re published very much later which do not 
invite reading and their circulation is limited. We would 
venture the suggestion that on each topic discussed a 
brief resume of the discussion should be published 
immediately. We shall be only too glad to co-operate 
in this respect. 


Czechoslovak Low-Speed Diesel Engines in Continuous Service 


Max. width measured from 
engine centre line to both sides 


of engine/ 

Max. height of engine /mm/ 2085 2085 2085 
Max. length of engine /mm/ 2770 3670 4573 
Total engine weight approx. 

kgs/Ibs 6560 kgs 8820kgs 11000 kgs 


14,445 19,430 Ibs 24,230 Ibs 


Max. width measured from engine 
centre line to both sides of engine/ 


Max. height of engine /mm/ 2800 2800 2800 
Max. length of engine/mm/ 3850 5050 6250 
Total engine weight 

approx, kgs/Ibs. 16000 kgs 20650 kgs 27000 kgs 


35,250 Ibs 44,600 Ibs 59,500 Ibs 








Bore 350 mm, Compression ratio 1:14 
Stroke 500 mm, Mean effective pressure 5. 6. kgs/ sq. cm 
Average piston velocity at rated engine 6. 25m/sec 





Designation of stationary type S 


engine 48350 68 350 8 8 350 
Application marine type L 8. L 8.L 8. L 
Cylinder number 4 . 6 8 
Rated speed /!/min/ 375 375 375 
Rated output /BHP/ 450 675 900 


Max. width of engine /mm/ 2800 2800 2800 


Bore 525 mm, Compression ratio 1:14 
Stroke 720 mm, Mean effective pressure 5. 8 kgs/sq. cm 
Average piston ve'ocity at rated engine speed 6.00 m/sec 





Designation of stationary type S engine 6S 525 
Application marine type L 8 


Clinder number 6 
Rated speed /1/min/ 250 
Rated output /BHP/ 1500 
Max. width of engine /mm/ 4000 


Max. width measured from engine 
centre line to both sides of engine 


Max. height of engine /mm/ 3900 

Max. length of engine /mm/ 6200 

Total weight of engine 58,500 kgs 
approx. 129,000 lbs 
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Book Reviews 


Central Board of Irrigation and Power Publications: 
1. Investigation Manual for Storage Reservoirs, Pgs. 
108 unpriced 


This manual, whick is not a text book, is more in 
the nature of notes for the guidance of the field officers 
investigating storage research. In view of the growing 
programme of river valley projects the Central Board 
of Irrigation and Power undertook to prepare this 
manuel and in this effort were associated such out- 
standing engineers 2s Mr. A. C. Mitra, Dr. K. L. Rao, 
Mr. C. L. Handa, Mr, D. B. Anand and Prof, N. S. 
Govinda Rao. It deals with various aspects of survey- 
ing and geological exploration, hydrologic study of 
catchment, interpretation of hydrological and mete- 
orological data, design features of dams, utilization of 
different construction materials etc. Therefore, as a 
guide for actual work this publication will be highly 
useful. 


2. In California. 
unpriced. 


by Baleshwar Nath, Pgs. 117 


This volume givesimpression of a study tour under- 
taken by the author together with Mr. Yadav Mohan, 
while representing India in the International Congress 
on Irrigation and Drainage held at San Francisco in 
1957. 


This volume gives an excellent bird’s eye view of 
the major river valley projects now under construction 
in the United States in addition to some of those which 
are already accomplished. The beauty of the publica- 
tion lies in the fact that the author has dealt with some 
of the technical problems in easy and flowing non- 
technical language so that the volume is useful not only 
for engineers but also for planners, administrators and 
economists, It is a nextremely educative book parti- 
cularly in oyr-country where river valley projects consti- 
tute one othe major economic endeavours. Although 
we are not a rich country like America we shall 
yet be highly benefited from the technical devices and 

-the integrated planning of these projects turning un- 
developed areag-into rich agricultural and industrial 
regions. _ . 


The Challenge of the Watershed published by the Soil 
Conservation Society of India. Hazaribagh, Bihar, 
Pgs. 167, price Rs. 15/-. 


This volume contains the papers presented on the 
occasion of the conference on watershed management 
held at the Development Centre for Asia and the Far 
East at Hazaribagh. 


The conservation and the development ¢ f cur water- 
sheds is one of the most important challenges facing 
hamanity everywhere. It is more so in areas of Asia 
where the population problem is maximum and the 
need for food production is also the greatest. Unfor- 
tunately, however,.the subject has not received the 


~ attention from all it deserves. It is, therefore but meet 


that the Soil Conservation on Society of India and the 
F. A. O. combined together and were able to produce 
this magnificient volume. oe 


The book has been divided into 5 chapters. namely, 
(1) Watershed behavior and development, (2) Forests, 
Grasslands and arable lands in watershed management 
(3) Watershed management research, (4) Project 
planning and operation, (5) Education and participa- 
tion of local people. Under each of these chapters 
papers by welknown international authorities have 
been included, Mr. J. H. Wetzel, Mr. Hubert C. Storey 
Mr. A. de Vajda, Dr. J. K. Basu, Dr. 8. P. Roy Chow- 
dhury and John Blackmore are some of the leading 
authors of this volume. The papers are extremely 
thought-provoking. Athough they tend to be rather 
technical, those who are seriously interested in raising 
the food production and agricultural productivity 
in our country should make it a point to go throug this 
volume. a 


Problems in Workshop Calculation by W. A. J. Chap- 
man, published by Edward Arnold (Publishers) Ltd. 
(Representatives in India: Orient Longman Private 
Ltd. ) Pgs. 147. 


This little book has offered to serve as 2 companion 
to students in the earlier years of their career and to 
supplement their text book with a supply of problems 
for practice. It should be useful particularly to 
students of technical institutions and engineering 
colleges. ; 
Electric Traction Engineering-An Introduction by 
8. A. Binney published by Cleaver-Hume Press Ltd. 
London. Pgs. 224; price 16sh. 


Mr. Binney, Chief Engineer, Traction Development 
Department of the English Electric Co. is a welknown 
figure in the field of traction design in the world. 
His world outlook in this field has helped him 
to keep pace with the requirements of the modern 
traction world. This publication is tenth in Cleaver- 
Hume Electrical Series and should be equally popular 
like the others. It deals with systems of electric trac- 

‘ [Continued on page 37 _ 
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Aristotle had once described 
his pupil, Alexander the Great, 
as many in one : man of action, 
man of logic, romantic dreamer, 
believer in magic and so on. 
Like Alexander, we too 
have become many in one. 
At birth, we were 
christened Textile Machinery 
Corporation Limited, or 
makers of textile machinery, 
and over the years we have 
made many such machines. 
But we did not stop here. 
The 4,500 strong Texmaco, 
today manufactures a wide range 
of engineering products—cotton 
and jute textile machinery, 
industrial and locomotive 
boilers, pressure vessels, steel 
structurals, railway rolling 
stock, sugar mill machinery 
steel castings and so on. With 
the implementation of our 
new projects; now under 
way, we would become yet 
many more in one. 
Whatever Alexander did, 
he was inspired by the 
thought of adding fresh 
glory to the name of 
Macedon. Whatever we 
might do, there is a 
single aim that directs 
our activities—the proper 
utilisation of all our 
resources, to manufacture 
quality machinery— 
machinery to help India 
industrialise and bring 
prosperity to her teeming 
millions. 


XExzTMACoOo 


serves India's basic industries 





















tion, traction engineering in the industry, D.C. trac- 
tion machines, design of angle-suspended D. C. traction 
motor, the Diesel electric generator, the single face 
traction motor, mechanical drives, traction control and 
project engineering. The compass of the book is mo- 
dest and should appeal to young engineers about to 
enter a career in the various projects of traction. 


Technical Handbook published by the Madras State 
Electricity Board Engineers’ Association Madras. 
Pgs. 590. 


This publication fulfils a long felt need for a simple 
handbook for.ready reference containing engineering 
data and formulae pertaining to various fields of power 
engineering and other general information useful in 
the engineering world. Although it arose out of the 
need felt by Madras electrical engineers, the present 
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revised second edition can as well fulfill the purpose of 
engineers all over the country. An adhoc committee 
of 10 members with Mr. Krishnaswamy as Chairman 
undertook this responsibility for preparing the material 
collected from a very wide range of sources. 


The contents of the handbook are divided into 9 
sections. They are generation-hydro, generation-the- 
rmal, transmission lines, sub-stations, distribution, 
communication, power systems studies, statistical 
information and general information and tables. 


We strongly hope that this Handbook would im- 
prove further and take more and more an all India 
shape so that it becomes an authoritative hand book 
for technical engineers throughout the country. Now, 
in the absence of other similar publications, it would be 
found useful in areas even other than Madras. 
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Technical Notes & News 





“New Packaged Power” Generator 


make possible an almost maintenance-free operation. 
The system has no moving parts, no tubes, no vibra- 
ting contacts and no commutator brushes to be main- 
tained or replaced. The exciter consists of several 
rectifiers. a suturable reactor, resistors and wiring, 
all mounted in 2 drip-proof enclosure. Since the exciter 
contains a minimum number of parts, none of which 
moves, it is virtually free from variations in service. 


The generator has many applications as a stand-by 
power source—such asin lumber camps, carnivals, and 
other outdoor installations, oil well drilling, hospitals, 
municipal power stations and radio stations. 





It is available in 60 cycle ratings from 219 kVA 
through 375 kVA at 1800 rpm and 1874 kVA through 
250 kVA at 1200 rpm. It is suitable for operation at 





10% overload for two hours. The high motor starting 
ability will meet almost all starting requirements. 


A 660,000 kVA Transformer 
Bank 


Vattenfall, the Swedish State Power Board opeating 
the country power grid, has ordered four 220,000 kVA 
transformers to ACEC Belgium. This equipment will 
constitute a three-phase 660,000 kVA transformer 
bank, the fourth transformer being a spare unit. 


The Belgian transformer bank will be one of the 
largest in the world, the second probably. Each 
transformer will have four windings designed for 
400,000/149,500/13,700/13,700 V transformation ratios. 
The transformers will indeed be used simultaneously 
to raise the 13.7 kV alternators voltage to that of 
400,000 V of the power grids and to connect that 
400,000 V grid to another one, at 150 kV. 


The presence of two separate 13,700 V windings is 
explained by the fact that each will receive the active 
and reactive powers from a 70,000 kW generator and 
from a 80,000 kVAR synchronous condenser. 


An underground power station. 

The 660,000 kVA bank will be erected in an under- 
ground powerhouse hewn in solid rock near Vargfors, 
on the Skellefte Alv river. 


It is well known that Sweden—which uses hydraulic 
resources to generate 94% of her electric power—has 
abuilding a series of hydro-electric power stations, 
75°, of which will be underground. To lower as much , 
as possible the excavating expenses, the equipments 
must be as compact as possible. 














Our Contributors 


Dr. B.K.R. Prasad, D Sc., 
M.I. E.E., M. Am. Ff. E. E. 
| received engineering educa- 
| tion at the Indian Institute 
of Science Bangalore, and 
post graduate study at the 
Massachusetts Institute of 
Technology Cambridge 
Mass U.S. A. (D. Se. degree) 
1923. Worked as research 
engineer in industrial works 
for about two years in U.S.A 
After returning to India 
worked in the electrical 
department of Mysore 
Government in various capacities and wasin charge of 
Jog Power Project as Chief Engineer. Subsequently 
worked with Bombay Government Electrical Grid 
department and prepared hydro-electric schemes and 
developed the designs for the Koyna hydro electric 
project. Was Chief Engineer for the project and of 
the Bombay Electricity Board till 1956. Between 1956 
and 1958 was associated with a consulting firm at 
Niagara Falls New York and another firm in London . 
At present engaged in engineering observations and 
publishing useful technical data on several prcjects 
that have recently been established in Europe 
and U.S. A. . 





The Journal is thankful to Dr. Prasad for agree- 
ing to contribute frequently to our journal and 
sending us notes on engineering developments in 
Europe in order to help Indian engineers to remain 
in close touch with latest trends. He is at present in 
Switzerland. 


Dr. Thomas Edward Alli- 
bone, D. Sc., Ph. D. (She- 
ffield) Ph. D. (Gonville and 
Caius College, Cambridge), 
F, R.S., M. I. E. E., Born 
in 1903. Research Physicist 
in charge of H. V. Lexbera- 
tory, Research Department, 
M. V., Member of Buitish 
Scientific Team engaged 
on Atomic Bomb Project, 
at the University of Cali- 
fornia and Oakridge, Ten- 
nessee; Director, A. E. I. 
Research Laboratory, Aldermaston. Director of Re- 
search, The Edison Swan Electric Co., Ltd., Member 
of Council I. E. E., 1937-45, 1946-49. 1950-53; Member 
of the Southern Electricity Consultative Council. ; 
Vice-President, Institute of Physics, 1949-52, Presi- 
dent, M-V. Debating Society, 1937-38. Vice-President, 
M. V.6. U..Soceity. 





Mr. E. T. Norris, M. I. 
E. E., M. I. MECH. E., 
Fellow A. M. F. E. RB. is 
Consulting Engineer, Fer- 
ranti Ltd. Born in London 
1896 and educated in City 
and Guilds, he received 
training in Metropolitan- 
Vickers, Transformer De- 
signer, Metropolitan Vic- 
kers in 1919,:Chief Assis- 
tant Transformer Derig- 
ner, Ferranti in 1920, Chief 
Transformer Designer, 
1922, Chief Engineer, 1935, Consulting Engineer in 
1953. He was elected Cheirman I. E. E. Transmission 
Section, 1945-48, Chairmen, I. E. E. North Western 
Centre, 1946-47, Chairman, I. F. E. East Anglian Sub- 
Centre, 1955-56. He invented the Moving Coil Volta ge 
Regulator. Author of papers and addresses to I. E. E. 
and many articles in Technical Press. Chairman. : 
Transformer Section, E. R. A., Chairman Transformer 
Group of CIGRE and of International Study Com- 
mittee No. 12. Member of many E. R. A. and B. §. I. 
committees, 





Mr. Zdenek Potucek, Mech. 
Eng., B. Se., is a member ot 
Skoda Oil Engines Develop- 
ment and Research De- 
partment. Graduating from 
the Technical University in 
Prague, he entered the oil 
engine branch and s pecialis- 
ed himself in oil engine 
heat economy and super- 
charging. One of his #iown 
achievements are th® “‘ro- 
sette” tube oil coolers and 
h@et exchangers developed 
in co-operation with the Czechoslovak Heat Research 
Institute of Prague on which he wrote some publica- 
tions. 
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| Mr. Vishnu Dutt, was 

till very recently Public 

Relaticn Officer of the 
| Bhakra Dam Project 
« and has now joined as 

the Assistant Editor of 
, the Kurukshtra, the 
| organ oftheCommunity 
| Development move- 
>; ment. 














Today electricity and telephone 
companies are cutting their in- 
stallation costs with the weight- 
saving advantages of cable in- 
sulated with POLYETHYLENE. It is 
the lightest commercial plastic, yet 
has high tensile, impact and 
flexural strengths. It pulls and 








strips easily, yet won’t festoon or 
rot. POLYETHYLENE possesses out- 
standing resistance to moisture, 
sunlight, weathering and aging. 

Installation economy and long 
service life make POLYETHYLENE 
an ideal material for wire and 
cable covering. 


POLYETHYLENE EXCELS IN DIELECTRIC PROPERTIES, 

CHEMICAL-RESISTANCE, PHYSICAL CHARACTERISTICS 
Because it is extremely inert and highly resistant to chemicals, POLYETHYLENE is an 
ideal covering for cables used in chemical soils such as are found in sea-shore areas 
or chemical factories. POLYETHYLENE is also being increasingly used for covering 


underwater cables. 


POLYETHYLENE will shortly be manufactured in India by 
National Carbon Company (India) Limited at their plant 


at Trombay Island, Bombay. 


CABLES COVERED WITH 





Polyethylene 


ENSURE YEARS OF TROUBLE-FREE SERVICE 


INDUSTRIAL PRODUCTS DIVISION 
NATIONAL CARBON COMPANY (INDIA) LTD. 


BOMBAY @ CALCUTTA ¢@ DELHI @ MADRAS 


The term UNION CARBIDE is a registered trade mark of Union Carbide Corporation, U.S.A. NCC 20798 
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Caterpillar equipment is built 





to last longer. With regular care 
and planned repairs your machine 
will still be running when inferior 


quality equipment is down. 


Let us help you obtain the full long 
life built into every Caterpillar part. 
Spare parts are in short supply, 

plan and order ahead. Rebuild and 
reuse critical parts. Schedule repairs 
at the right time. Your Caterpillar 
dealers have the special tools, the 
experience and the “know how” 


to keep your machines on the job. 


Their unrivalled service and parts 
organisations can ensure minimum 
“down time,” maximum outputs 


under all conditions, at all times. 
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TRACTORS (INDIA) LARSEN & TOUBRO WILLCOX (BUCKWELL- 
LIMITED LIMITED INDIA) PRIVATE LIMITED 


Post Box 323, Calcutta Post Box 278, Bombay Post Box 289, New Delhi 
Post Box 66, Lucknow Post Box 5247, Madras New Colony, Jaipur THIPI9S 








